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Letter from the Dean

I

n my role as Senior Associate Vice President for Agriculture–Research and Director of the Agricultural Experiment Station, I’m
well aware of the significant research taking place across the state involving AAES, the U of A, the Dale Bumpers College of Agricultural, Food
and Life Sciences, and the UA System Division of Agriculture.
I have seen the valuable role Bumpers College students play in much
of that research, but since becoming interim Dean of the college in July
2022, I now see even more examples of the impact our students can, will,
and do have.
Our students can choose from a wide variety of careers in which they
can make significant contributions impacting large numbers of people.
Research allows our students, guided by their faculty mentors, opportunities to ask questions, gather data, answer questions, and solve problems.
This year’s issue of Discovery, our undergraduate research journal
which allows students to publish their work in a citable publication,
Jean-François Meullenet
includes projects across nine majors and disciplines.
Interim Dean
You will see projects and findings from the areas of apparel merchandising and product development in our School of Human Environmental Sciences; agricultural education, communications and technology (agricultural communications); animal science; environmental, soil
and water science; and poultry science.
It is inspiring to see the various issues students choose to investigate, and the conclusions they reach as
they answer questions and propose solutions.
We are here to serve the people of Arkansas, the entire country and the world, and you will see our
students in fact doing that with the issues they address.
This issue of Discovery highlights the efforts of just a few of our students and their expert faculty
mentors. Our faculty work with them to produce what you see because they care about students and their
development, as well as the research and its impact.
We encourage undergraduate research by awarding undergraduate research grants. Our students compete for research and travel grants awarded by the University of Arkansas Honors College and the Arkansas Department of Higher Education SURF grants program.
Projects may be designed to meet requirements for an honors project in the Bumpers College Honors
Program. One of our goals is to prepare students to be responsible leaders with strong communication
skills and problem-solving abilities. You have results of studies highlighting and exemplifying those qualities in our student researchers and future leaders.
Congratulations to the student authors on completing these projects. Thank you to the faculty mentors
and editors who worked with them to make this collection possible. As a college, we are pleased and proud
to present this collection as a service to them and our readers.
Jean-François Meullenet, Interim Dean
Dale Bumpers College of Agricultural, Food and Life Sciences
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Letter from the Faculty Editor

T

his is the 4th year that I have had the honor of serving as editor of this publication. I continue to be impressed with the
variety and timeliness of these projects that undergraduate students
are conducting in the Dale Bumpers College of Agriculture, Food
and Life Sciences, in conjunction with the University of Arkansas
System Division of Agriculture’s Arkansas Agricultural Experiment
Station. Several manuscripts in this edition report on responses to the
COVID-19 pandemic and continued changes in society.
The students and faculty who are publishing these articles continue
to navigate the anxiety and turmoil of the aftermath of the pandemic.
Research labs are still not operating normally and supply chain problems have restricted some research programs and thus undergraduate
student access. All the faculty represented in these pages continued
to take on the extra responsibility of mentoring these undergraduate
students even though many were continuing to adapt to new teaching
Beth Kegley
methods. This publication signifies untold hours of commitment on
Faculty Editor
the faculty’s part: reviewing proposals, assisting with data collection,
going through statistical analyses, and finally reading and rereading manuscripts. Also deserving
of acknowledgment is Gail Halleck, the journal’s technical editor, she works extensively with the
students on manuscript revisions. The time and dedication of these professionals to the students are
deeply appreciated. This works in conjunction with each student’s own desire to persevere and accomplish these projects, as stated in the journal’s instructions the “expectations are that the student(s)
has gone above and beyond the requirements of literature reviews and is generating a new contribution to the field/discipline.” This publication is evidence of these students work ethic and maturity
in submitting their work for critical review and thoughtfully responding and editing their work. I am
proud of their results and I hope you enjoy and learn from this year’s publication.

Beth Kegley, Faculty Editor, Discovery Journal and
Professor, Department of Animal Science
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Featured Faculty Mentor and Student Explore the
Dynamics of this Research Relationship

I

feel very fortunate to have participated as a faculty mentor for
the Bumpers College Honors Program. As an assistant professor
in my second year, many opportunities and projects arise. It becomes
important to use some discretion about which opportunities to
pursue. I am happy to say that the honors thesis project that Gracie
and I pursued was one of the opportunities that proved beneficial
for all parties. Gracie was my first honors student advisee, and
I feel very lucky to have worked with her. She is a hard worker
and a skilled researcher. She helped every week from starting the
tomatoes in the greenhouse to harvesting tomatoes at season’s end.
And while summer conditions in our high tunnel may have become
a little unpleasant, Gracie continued to diligently maintain her plots,
whether suckering tomatoes, hand-weeding, or taking care of any
other maintenance necessary. Further, Gracie worked independently
and with other faculty to generate our economic data. This was no
Dr. Matt Bertucci
small task because I had no idea how to analyze these data, so Gracie
and Dr. Mike Popp deserve all the credit for our economic analysis.
Faculty Mentor of
Of course I was proud and excited to serve as a mentor for an unGracie Morrison
dergraduate student, but I would be remiss if I did not acknowledge
the guidance that I received along the way. Dr. Mike Popp, Dr. David Miller, and Dr. Mary Savin
all served as committee members on Gracie’s honors committee. They each took an active role in
developing the project and ensuring that Gracie had a firm understanding of the experimental design,
hypotheses, and measurements to be collected. These faculty members served as shining examples
of effective mentoring and offered gentle guidance to ensure the success of the project. I learned a lot
from each of them in our short time working together. Lastly, I would like to thank the Honors College
for awarding Gracie and myself the Honors College Research Grant, which facilitated the expenses
associated with the supplies and labor for the execution of this project. Without that financial support,
this project would not have been possible.

Matt Bertucci, Assistant Professor, University
of Arkansas System Division of Agriculture’s
Department of Horticulture
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Featured Faculty Mentor and Student Explore the
Dynamics of this Research Relationship

I

was initially intimidated by the prospect of completing an
undergraduate thesis, given that I had never been part of a research
project before. However, I can now confidently say that completing my
undergraduate honors thesis for the Dale Bumpers College was the most
rewarding part of my college career.
I had the pleasure of working with Dr. Bertucci, a professor of
Horticulture, as my mentor. Through this collaboration, I learned a
great deal about economic considerations and analysis in the field of
horticulture. The process of working with Dr. Bertucci to develop,
conduct, and write up a research project has been rigorous and fulfilling.
I learned what it takes to manage tomatoes in a high-tunnel, including
the expenses and expected profits associated with horticultural
operations. I also got some experience with weed identification and
weed management application, which has been useful in my garden at
home.
Gracie Morrison
Dr. Bertucci gave advice and guidance when there were aspects of
Bumpers Student
the project requiring his experience. During my time at the University
of Arkansas, I forged relationships with my mentors and professors that
I will never forget. Although I have now graduated from the University of Arkansas, I hope to continue
my journey of learning and developing my knowledge of the field.
Gracie Morrison,
May 2022 Honors graduate in Environmental,
Soil, and Water Science

IN THE FIELD: Gracie and her
mentor Dr. Bertucci, at the University
of Arkansas System Division of
Agriculture's Agricultural Experiment
Station greenhouses with tomato plants.
Photo by Fred Miller.
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Discovery on ScholarWorks@UARK
Journal management and submissions are facilitated through ScholarWorks@UARK, the institutional
research repository for the University of Arkansas:
https://scholarworks.uark.edu/discoverymag/
Bumpers College undergraduate student research reaches a worldwide audience via this powerful
database, with its extensive search engine and analytics, and ease in downloading individual articles.
Here’s a peek at readership distribution across the globe and most popular Discovery articles by
download in recent months.

Table 1. Download history (top 10) for all Discovery issues from the period of 01 July 2021 to 30 June 2022.
Title

Downloads

Love-bombing: A Narcissistic Approach to Relationship Formation

1711

Growth and Performance of Broiler Chicks During the Starter and Grower Phases in Phase-Feeding

1610

Soil Particle-Size Analysis: A Comparison of Two Methods

804

Properties of Gluten-Free Pasta Prepared from Rice and Different Starches

359

Importance of Portfolio Building for University Students

339

The Characteristics of Consumers and Producers Using Farmers’ Markets

336

Eco-cosplay: Upcycling as a Sustainable Method of Costume Construction

326

A Comparison of Recently Introduced Instruments for Measuring Rice Viscosity

289

Extraction of Silymarin Compounds from Milk Thistle (Silybum marianum) Seed Using Hot, Liquid Water as the Solvent

283

Development of the Interactive Broiler Income Spreadsheet

262
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Consumers' Perception of Quality for Ladies' Swimwear
Based on Price and Brand
Meet the Student-Author

Jennifer Avila

I am a May 2022 graduate with a degree in Apparel
Merchandising and Product Development with a Minor in
Marketing. Before attending the University of Arkansas,
I went to Rogers High School, located in Rogers, Arkansas. At the University of Arkansas, I was a student mentor
for the 360 Program, which is geared towards first-year
students who are first-generation college students and/
or Federal Pell Grant recipients, in the fall semester of
2019. I have been a part of the Academic Enrichment
Program all four years of my college experience; this is a
student success program designed to enhance the college
experience of first-generation and other underrepresented
students. I have received multiple scholarships like the
Razorback Bridge scholarship, Arkansas Academic Challenge, Irma Fitch Giffels scholarship, and the John W.
White scholarship. Outside of classwork, I also worked
at a local women’s boutique, Riffraff, for the past three
years, as well as a dance studio in Lowell, Arkansas,
called Favorite’s Dance Academy. I would like to thank
my advisor and honors mentor, Dr. Apple, for being there
for me and assisting me as I completed my honors thesis.
I would also like to show my gratitude to my committee
members, Dr. Cheramie and Dr. Southward, for being a
part of my committee. I am so grateful for the mentorship
and the guidance they have all provided me these past
four years.

Research at a Glance
•

Swimsuits are one of the most popular items sold
during the spring and summer seasons.

•

Name brand influence was seen to have an impact
on how people perceive quality.

•

Price did not play a factor when determining
quality.

Jennifer Avila and Sydney Taylor at the Bumpers
College Awards and Honors Banquet, receiving
medals for graduating with honors.
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Undergraduate Research Articles

Consumers' Perception of Quality for
Ladies' Swimwear Based on Price and
Brand
Jennifer Avila,* Laurie M. Apple,† Lance M. Cheramie,§ and Leigh Southward‡
Abstract
Consumers shop at multiple retailers for different needs, and it is understood that many choose
a retailer for an experience, and others choose a retailer for better savings. In a time where Ecommerce is at an all-time high, brick-and-mortar retailers need to consider how they compare
against online retailers in the apparel sector. In this study, swimsuits from three retailers were
compared to determine if quality perceptions differ by brand (store), price, or both. As these
retailers adjust to store and production shortages, it is important to understand how the quality
of clothing will keep sales consistent. Consumers are likely to keep shopping at locations where
they trust the quality of clothing instead of having to deal with returns and customer service
desks. The purpose of this research is to look at how consumers view the quality of women’s
swimwear. Participants of this study examined a swimsuit from three different retailers and rated
the perceived quality of each. Retailers can use this information to better understand what consumers perceive as quality swimsuits by brand, price, or both.

* Jennifer Avila is a May 2022 honors program graduate with a major in Apparel Merchandising.
† Laurie Apple, the faculty mentor, is an Associate Professor of Apparel Merchandising and Product Development in the School
of Human Environmental Sciences.
§ Lance Cheramie is an Instructor of Apparel Merchandising and Product Development in the School of Human

Environmental Sciences.
‡ Leigh Southward is an Associate Professor of Apparel Merchandising and Product Development in the School of Human
Environmental Sciences.
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Introduction

•

Big-name retailers are not only perceived differently
by consumers for their products but also for their brand
identity and image. The identity of the store impacts the
buying habits of consumers. De Klerk and Lubbe (2006)
reported that an aesthetic experience can include an appreciation for the formal, expressive, and symbolic qualities
of a product as well as the appearance or environment of
the product. A general merchandise retailer is known for
providing an addictive shopping experience, and Hanbury
(2019) comments on the running joke that consumers go
to this retailer for one item but buy more than the single intended purchase. Price is also a factor that consumers look
at when making a purchasing decision. Lee and Chen-Yu
(2018) found that when consumers see a higher price, they
will perceive the quality to be high. A large discount retailer is known for having lower prices and price matching.
These actions lead their consumers to perceive products
as having lesser quality or value. Since E-commerce is at
an all-time high, brick-and-mortar retailers often compare
themselves to fast-fashion online stores. A fast-fashion online retailer has risen in popularity over the last few years,
and its main draw is trendy clothes at very low prices. Another incentive that retailers offer is credit cards that encourage consumers to buy more with credit card rewards.
Consumers who shop at the large discount retailer, the
general merchandise retailer, and the fast-fashion online
retailer are exposed to different shopping experiences.
Several factors should be considered regarding consumers’ perceptions as to whether the brand name, the price,
or both affect the buying habits of consumers. During the
spring and summer, ladies' swimwear is one of the highestselling apparel items. Little research is available investigating the roles of brand and price in consumers’ perception
of quality, so it is necessary to investigate how these aspects affect perceived quality. This study aims to explore
consumers’ perceptions of brand and price as they relate to
quality when purchasing swimsuits from retailers. A price
discount is a common marketing strategy to attract consumers by providing an extra value or purchasing incentive, which encourages consumers to purchase the product
immediately (Yin and Huang, 2014). Therefore, research
evaluating the role of pricing with or without consideration
of brand in driving consumer choice is essential.

•

Materials and Methods
A quantitative research plan was used to examine consumers’ perceptions of quality swimwear and whether
price and/or brand affect their purchasing decisions. The
study focused on these research questions:
• Does knowing the price and brand of swimwear
have higher perceived quality?

10

•
•
•

Do fabric perceptions differ between knowing and
not knowing price and brand?
Do construction perceptions differ between knowing and not knowing price and brand?
Do overall perceptions of swimwear differ between
knowing and not knowing the price and brand?
Was there a higher perceived quality between the 3
swimsuits, knowing price and brand?
Was there a higher perceived quality between the 3
swimsuits not knowing the price and brand?

Data were collected through digital surveys. Particiants
were presented with three swimsuits from the three retailers: a general merchandise retailer, a large discount retailer,
and a fast-fashion online retailer. Participants in group 1
looked at swimsuits with brand labels shown and price tags
attached, group 2 surveyed swimsuits without brand labels
shown but did have price tags attached, and group 3 surveyed swimsuits that did not have either brand or price. The
participants completed the survey on the provided tablet
and answered questions for each swimsuit. The survey was
divided into the following categories: fabric, construction,
aesthetics, and overall appearance. A 5-point Likert scale
ranging from (5) strongly agree to (1) strongly disagree
was used to measure the first three categories. With each
swimsuit, participants were asked to investigate aspects of
quality by answering different questions based on the categories above (i.e., the fabric has good resilience, etc.). The
participants were then asked to rate their overall perception
of quality on a scale of 1 to 7 with 7 being high quality and 1
being low quality for each swimsuit. Once the three swimsuits had been rated individually, the participants were then
asked to rank the three swimsuits from 1 to 3, with 3 being
the highest quality to 1 being the lowest quality (Table 1).
After getting approval from the Institutional Review
Board of the University (IRB) for the use of human subjects, the data were collected in the fall of 2021 and spring
of 2022. Three swimsuits were selected from three different
retail stores. All three swimsuits were chosen to have similar
characteristics for brand identification to be hidden. It was
important to choose swimsuits that varied in price but looked
similar. The population for this research was students enrolled in an apparel program at a mid-Southeast university. A
non-probability convenience sample was used to gather data.
The total number of participants surveyed was 119; 21
were freshmen, 32 were sophomores, 36 were juniors,
and 30 were seniors. The participants were placed into
three groups (knowing brand and price, knowing brand
only, and not knowing brand or price). A questionnaire
was used by the participants to assess the swimsuits, and
it focused on traits of the garment (seams, durability, etc.)
and if the swimwear met the wants and needs of the participant. Each group of participants then analyzed all three
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of the swimsuits from the three competing stores. Participants recorded their findings through the Qualtrics survey
on a tablet. A description of the procedures, purpose, and
participant rights was on the first page of the survey, and if
the participants agreed to take the survey, they continued
with the study. The sample characteristics, fit model tests,
and graphs are discussed with correlations and effects between the variables by testing the proposed hypothesis.
The standard level of significance that was used for the Fit
Model statistical test was P > 0.05, and the results from all
3 groups are shown in Table 1.

Results and Discussion
The participants who rated swimsuits without brand
or price known (Group 3) rated swimsuit 3 (fast-fashion
online retailer) higher on the 7-point Likert scale in comparison to swimsuits 1 (general merchandise retailer) and
2 (large discount retailer) based on overall perception.
Participants who surveyed the swimsuits with brand labels shown and price tags attached (Group 1) also rated
swimsuit 3 higher on the Likert scale. Regarding, fabric

characteristics, there was a significance found (P < 0.05)
in the stretch between the swimsuit’s fabrics.
Those who surveyed swimsuits without brand labels
shown but did have price tags attached (Group 2) saw a
difference (P < 0.05) between swimsuits when rating them
by their overall perceptions. Swimsuit 2 had a higher average of responses rating it between a 5 and a 6 on the Likert scale. The participants who surveyed swimsuits without brand labels shown but did have price tags attached
(Group 2) viewed the swimsuit from the large discount
retailer as having a higher perceived quality. This same
group who surveyed the swimsuits without brand labels
but did have price tags attached (Group 2) also saw significant differences in resiliency (P < 0.05) between the three
swimsuit fabrics. Swimsuit 1 had a higher average of being rated low on the Likert scale in comparison to swimsuits 2 and 3. Swimsuit 1 came from the general merchandise retailer. Another difference was noticed among those
in group 2. There was a significant difference between the
stretchiness of the three swimsuits (P < 0.001). On average, swimsuit 1 was rated lower on the Likert scale in
comparison to swimsuits 2 and 3.

Table 1. JMP FIT-Model test results for fabric, construction, aesthetics, and overall perception by
category and group.
Category
Characteristic
Group 1
Group 2
Group 3
Fabric
Defects
0.6083
0.1357
0.2585
Resiliency
0.3528
0.0308*
0.642
Softness
0.9941
0.7631
0.0828
Stretch
0.1301
0.0006*
0.3866
Smooth
0.6965
0.7294
0.5712
Fiber Knowledge
0.5773
0.0701
0.5141
Construction
Hems
0.5723
0.8072
0.6192
Seams
0.5542
0.6474
0.1764
Stitches
0.2008
0.8317
0.1768
Color
0.2246
0.3116
0.092
Aesthetics
Fashionable
0.1488
0.4248
0.232
Interesting
0.1594
0.9016
0.5796
Unique
0.1708
0.3416
0.4408
Overall
P ≥ 0.05
*Significant result P < 0.05.

0.1758

0.0110*

0.0822

1
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Conclusions
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Using Acid-Detergent Insoluble Ash as an Internal Marker to
Compare Digestibility and Fecal Output by Ovine that Were
Offered Hays of Varying Nutrient Composition
Meet the Student-Authors

Kennedy Barnett

Trisha Adams

I graduated in May 2022 with a major in pre-professional animal science. I attended Northside High school
in Fort Smith, Arkansas, where I was raised most of my
life. In high school, I worked at a vet clinic through an
internship course my high school offered. I was a member
of the University’s Pre-Vet Club, Women’s club soccer
team, and a volunteer at the University of Arkansas System Division of Agriculture's research farm in my spare
time. I also volunteered for Elite Hospice. I currently am a
veterinary assistant at Wedington Animal Hospital in Fayetteville, Arkansas, and hope to continue my education to
earn a doctorate. I have only ever worked at vet clinics
because it has always been my dream to become a large
animal veterinarian. I have spent the last 4 years working
to achieve my dream. My dream would be impossible if it
were not for Dr. Kenneth Coffey and Dr. Kathleen Jogan,
so I would like to thank them for being not only my professors but my mentors and for their unending support and
feedback. Dr. Coffey never stopped helping me through
every challenge, and it is because of him that I now have
the skills needed to survive life and vet school.

I graduated in May 2022 with a major in Animal Science. I attended Greene County Tech High school in Paragould, Arkansas. I currently work as a veterinary assistant
at Wedington Animal Hospital in Fayetteville, Arkansas. I
am trained in surgical preparation, anesthesia, and recovery. I have assisted in an estimated thirty successful surgeries. I am well-versed in caring for hospitalized animals
and performing medical treatments to help them recover
from their illnesses. During my time as a veterinary assistant, I have re-homed seven pets that would have been
left at a shelter or possibility euthanized due to behavior
or health status. Two of those pets now live with me; one
has overcome behavioral issues, and the other has been
completely rehabilitated after a successful leg amputation.
I also volunteered at the University of Arkansas school
farm during the Dorper lambing season of 2021, which
resulted in the lambing of over fifty Dorper lambs. Out of
the fifty-plus lambs, we only had three bottle-fed lambs
and a few lamb mortalities. This resulted in one of their
most successful lambing seasons. My passion for animals
inspired me to study research methods to improve the husbandry of farm animals. I would like to thank Dr. Kenneth
Coffey and Dr. Kathleen Jogan for their wisdom and for
this experience in laboratory research that helped me meet
my ambitious goals.
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Research at a Glance
•

Our goal was to determine if an internal marker acid detergent insoluble ash could be used to replace total fecal
collections.

•
•

Acid detergent insoluble ash was an effective replacement for total fecal collections.
Since total fecal collections are tedious and the marker can replace them, it saves researchers time and labor.

Kennedy in the nutrition lab
learning the names and uses
of the common instruments
used to perform research.
Using the tools before
beginning research raised
her confidence so when the
real work began, she was no
longer nervous she would
mess up. She learned quickly
that some tools seemed easy
but in reality when used wrong
could mess up all your data,
especially when working with
such small quantities.

Trisha practicing how to
transfer liquids from one
dish to another and getting
used to safety protocols in
the nutrition lab, along with
how to use some of the basic
research tools. Getting in
practice before working with
the real samples helped her
to be consistent, safe, and to
not contaminate anything. She
was thankful to learn how the
tools worked because in the
future she could use those
same tools for other research.
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Using Acid-Detergent Insoluble Ash
as an Internal Marker to Compare
Digestibility and Fecal Output by Ovine
that Were Offered Hays of Varying
Nutrient Composition
Kennedy D. Barnett,* Trisha M. Adams,† Kenneth P. Coffey,§
and Kathleen S. Jogan,‡
Abstract
Digestibility markers are used to determine total digestibility without collecting total feces, which
reduces time and labor and allows greater numbers of animal observations to be obtained. The goal
of this research was to determine if the digestibility marker acid detergent insoluble ash (ADIA)
was fully recovered and, based on that information, determine the accuracy of total digestion predictions using ADIA. Different proportions of sericea lespedeza hay and alfalfa silage were offered
to 16 gestating Dorper ewe lambs (Ovis aries) (41.8 ± 4.61 kg body weight) to determine digestibility. Total feed intake and fecal excretion were measured during 2 experimental periods consisting
of a 14-day adaptation period followed by 5 days of total fecal collection. The accuracy of ADIA
recovery and its use to predict digestibility were analyzed using PROC MIXED of SAS. Recovery
of ADIA averaged -0.16 g/d across treatments and was not different (P = 0.97) among treatments.
Digestibility was underestimated by 6.2 g/kg, or 0.62 percentage units, and treatment differences
were not detected (P = 0.92). Neither of these measurements was different (P > 0.51) from zero.
Therefore, ADIA was proven to be a reliable internal marker to replace total fecal output for sheep
offered forage-based diets with mixtures of diverse forages. Due to the recovery rate and total
digestibility calculated, ADIA is a realistic and reliable procedure to determine total digestibility
when total fecal collections are not feasible.

*
†
§
‡
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Introduction
Indigestible internal markers are used across multiple
species and diets. Plant wax N-alkanes have shown variable success as internal markers because although the marker is accurate for determining diet intake, it falls short of
other ideal marker criteria (Dove and Mayes, 2005). Due
to their long-chain alcohols and fatty acids, they are often
not chemically different enough from other diet components, causing mistakes when trying to determine fecal
output or total digestibility (Dove and Mayes, 2005). In
species other than sheep, internal markers such as acid detergent lignin (ADL), acid-insoluble ash (AIA), and acid
detergent insoluble ash (ADIA) are used across a variety
of diets. No significant differences were observed in digestibility measurements between AIA and total collection
in horses, indicating reliable success as an internal marker
(Bergero et al., 2004) across diets of different hays and
concentrates. However, digestibility estimated using ADL
did not produce acceptable results (Bergero et al., 2004).
Christian (2014) reported a high recovery of ADIA from
beef cattle consuming forage diets with no supplements,
making ADIA an effective marker in those situations.
However, studies reporting ADIA recovery from sheep
are limited. Furthermore, studies are limited that evaluate
the recovery of ADIA when forage mixtures are offered
or when forages containing anti-quality components that
negatively impact digestion are offered. Therefore, this
study was conducted to evaluate the recovery of ADIA from
sheep offered diets composed of different combinations of
alfalfa and sericea lespedeza to determine its usefulness as
an internal marker to estimate digestibility in sheep.

Materials and Methods
Alfalfa used in the original study was grown at the University of Arkansas Milo J. Shult Agricultural Research
and Extension Center (SAREC), located in Fayetteville,
Ark. The alfalfa was chopped using a plot harvester machine into particles less than 5 cm and then allowed to
wilt until moisture content was 60%. The alfalfa was then
packed into plastic trash cans (132 L) lined with two plastic bags and stored for four months (Niyigena, 2019). The
sericea lespedeza hay was obtained from a producer farm
near Prairie Grove, Ark., and stored under a roof until
feeding.
The twenty Dorper ewe lambs (41.8 ± 4.61 kg initial
body weight) used in the original study were housed at the
SAREC in individual 1 × 1.5-m pens with wire grate flooring in a climate-controlled barn. Other specific management
practices, procedures for allocation to treatments, and specific feeding practices were reported by Niyigena (2019).
Ewe lambs had ad libitum access to one of four diets: alfalfa
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silage alone or alfalfa silage with 9%, 18%, or 27% sericea
lespedeza on a dry matter (DM) basis. All ewe lambs were
also given 30 g/d of a commercial sheep mineral.
Each ewe lamb was given constant access to clean water and offered their respective diets for ad libitum consumption. The total feed amount was weighed daily, and
the ewe lambs were given small portions throughout the
day to minimize forage loss by spillage and to decrease
the risk of forage selectivity. Orts were collected daily at
1600 and dried at 50 °C until reaching a constant weight.
Fresh feed was offered immediately thereafter. Feed samples were collected daily for five days, beginning two
days before total fecal collections, and dried at 50° C until reaching a constant weight. Pens were fitted with solid
PVC trays positioned under each ewe lamb pen to collect
all feces produced. Total feces were collected daily for
five days beginning on day 15 of each period, weighed,
and dried at 50 °C to reach a constant weight (Niyigena,
2019). As (Niyigena, 2019) states, the ewe lambs were all
randomly assigned to 1 of 4 treatments. That provided 4
treatments in two periods. Each period was 14 days, followed by 5 days of total urine and feces collection with a
5-day break between periods. During the second period,
ewe lambs were randomized to treatments with the condition that they were not offered the same treatment they
were offered during the previous period. Ewe lambs were
then removed for 5 days between periods and offered only
alfalfa silage.
Samples were obtained from a total of 32 total collection observations. However, two samples were contaminated and were therefore discarded, resulting in 30
digestibility measurements to use for marker recovery determination. Approximately 0.50 g of each feed, fecal, and
ort sample was analyzed in duplicate to determine marker
recovery. Samples were placed into labeled Ankom bags
and sealed using a heat press. Next, up to 25 Ankom bags
were placed evenly into a container and placed into an
Ankom 200 Fiber analyzer (ANKOM Technology Corporation, Macedon, N.Y., USA). The machine was filled
with 120 mL of acid detergent fiber (ADF) solution, and
the samples were submerged in the boiling ADF solution
for 60 minutes. The ADF solution was then drained, and
the bags were washed five times with boiling deionized
water at five-minute intervals with rinse water removed
between each rinsing. The samples were removed from
the container and placed into a breaker to press out any excess liquid. Afterward, 50 mL of pure acetone was placed
into the beaker with the samples to sit for 10 minutes to
enhance evaporation of excess moisture. Next, the acetone
was drained from the beaker, and the samples were spread
evenly on a metal tray that was placed under a vent hood.
The samples were allowed to dry for 10 minutes to ensure residual acetone was removed. Once samples were
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dry to the touch, they were placed into a gravity-convection oven at 100 °C overnight to remove any remaining
moisture. The next day, samples were removed and placed
into a desiccator that was vacuum-sealed. Samples were
weighed after reaching ambient temperature, placed in
individual metal ashing trays, then placed into a muffle
furnace at 600 °C for 8 h. Finally, the samples were allowed to cool to ambient temperature in a vacuum-sealed
desiccator (Thiex et al., 2012).
The actual amounts of each feed component offered,
the feed refused, and the total fecal output were multiplied
by their respective concentrations of ADIA (g/kg DM) or
(% DM). The ADIA intake was calculated as the amount
(g/d) of ADIA offered minus the ADIA (g/d) in the orts.
The fecal ADIA output was then subtracted from ADIA
intake to determine ADIA recovery. Digestibility was estimated using the equation:

where the concentration of ADIA in the feed was calculated as the total ADIA intake (g/d) divided by the actual
dry matter (DM) intake. This calculation was necessary
because the animals were offered their respective diets for
ad libitum consumption, and substantial diet component
selectivity occurred.
Actual digestibility, the difference between ADIA offered and ADIA recovered in the feces, and the difference

between actual DM digestibility as estimated by collecting total feces and that estimated using ADIA were analyzed using PROC MIXED of SAS v. 9.4 (SAS Institute,
Inc., Cary, N.C., USA). Data were analyzed as a randomized complete block design with the individual animal as
the experimental unit. Treatments were considered fixed
effects, while ewe and period were treated as random effects. Pairwise F-protected t-tests were used to determine
differences among treatments. The probability greater
than t was used to determine if the individual treatment
means were different from zero (P < 0.05). All means are
reported as least-squares means.

Results and Discussion
The neutral detergent fiber inclusive of ash (aNDF),
ADF, condensed tannin, and ADIA concentrations were
greater from sericea lespedeza than alfalfa, but N concentrations were greater from alfalfa (Table 1). The aNDF
concentrations were greater (64.4% vs. 34.1% DM), and
condensed tannin concentrations were slightly lower
(16.8% vs. 18.2% DM) from the sericea lespedeza hay
used in the present study compared with sericea lespedeza
pellets in a previous study (Kronberg et al., 2018).
Dry matter digestibility was greatest (P < 0.05) with
ewe lambs offered the diet of only alfalfa silage (Table
2). Digestibility was lower (P < 0.05) with ewe lambs offered the diet of 27% sericea lespedeza compared with

Table 1. Chemical composition of alfalfa silage and sericea lespedeza (SL) fed to ewes.†
Item
Dry Matter, % fresh weight

Alfalfa

Sericea lespedeza

42.3

93.6
% of Dry Matter

Organic Matter

91.0

87.2

Neutral Detergent Fiber Inclusive of Ash

38.1

64.4

Acid Detergent Insoluble Ash

31.9

56.1

Nitrogen

3.9

2.4

Condensed tannins

0.00

16.8

Acid Detergent Insoluble Ash

0.72

1.1

†

Alfalfa silage was either offered alone (0 % CONT) or mixed with chopped SL to provide
9 (LOW), 18 (MED), or 27% SL (HIGH) on a dry matter (DM) basis.
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those offered 18% sericea lespedeza, but overall, digestibility was not different (P = 0.57) between those offered
9% and 27% sericea lespedeza in the diet. Kronberg et al.
(2018) reported stepwise decreases in DM digestibility of
alfalfa hay-based diets as alfalfa was replaced with sericea
lespedeza pellets.
Using diets with varying nutrient composition is a frequent practice for digestion studies regardless of animal
species or feed (Bergero et al., 2004; Christian, 2014).
This is done to determine if interactions among feedstuffs
are linear or if possible associative effects are present. In
the current study, both fiber and tannin concentrations increased with each increase in the percentage of sericea lespedeza in the diet. However, digestibility did not decrease
linearly, thereby indicating possible associative effects.
The difference between ADIA offered and that recovered in the feces averaged -0.15 (g/d) across treatments,
and none of the treatment means were different from zero
(P ≥ 0.63). There were also no differences (P = 0.97) among
treatments in ADIA recovery. Even though some of the
results are negative, they are all close enough to consider
ADIA well recovered. These values are like those reported
previously by Christian, 2014; Bodine et al., 2002; and
Kanani et al., 2014, who reported average recovery rates

of 98.4%, 97%, and 103%, respectively. These data are
important because while others reported good recovery
of internal markers (Cochran et al., 1988; Bodine et al.,
2002; Kanani et al., 2014), these recoveries were from diets where single forages were offered rather than multiple
forages as were offered in the present study.
The differences in digestibility measurements calculated as actual DM digestibility, predicted using ADIA, were
not different (P ≥ 0.93) among treatments, indicating that
the differences in forage proportions that resulted in nonlinear differences in digestibility of the diet did not impact
the ability of ADIA to predict digestibility. Furthermore,
the differences between actual and predicted dry matter
digestibility were not different (P ≥ 0.51) from zero, regardless of the forage combination and averaged -5.8 g/
kg DM or 0.58 percentage units below DM digestibility
determined by actual total fecal collections.
These data are important because, unlike other studies
that evaluated the efficacy of using internal markers across
different forage-based diets, this study evaluated the efficacy of ADIA in diets that had different combinations of
forages of which one of the forages contained tannins that
are known to suppress digestibility (Aguerre et al., 2016;
Kronberg et al., 2018).

Table 2. Dry matter digestibility and recovery of acid detergent insoluble ash (ADIA) from ewe
lambs offered diets of alfalfa silage alone or with different proportions of sericea lespedeza.
Sericea lespedeza in diet, %†
Item

0

9

18

27

SEM‡

P-value

% of Dry Matter digestibility

68.0 a§

63.6 bc

64.4 b

60.9 c

1.16

0.0005

Acid Detergent Insoluble Ash
recovery, g/d¶

-0.1

0.2

-0.4

-0.3

0.86

0.97

Actual-predicted digestibility, %#

-0.05

0.27

-1.21

-1.32

2.073

0.93

The proportion (%) of sericea lespedeza in the diet dry matter. The remainder of the diet dry
matter was alfalfa silage.
‡
SEM = pooled standard error of the mean.
§
Means within a row without a common letter differ (P < 0.05).
¶
Calculated as the difference between acid detergent insoluble ash consumed (g/d) and that
recovered in the feces (g/d).
#
Calculated as the difference between actual dry matter digestibility (% dry matter) as
determined by total fecal collection and dry matter digestibility as determined by the formula:
100- [100 x (Acid Detergent Insoluble Ash concentration in the feed/Acid Detergent Insoluble
Ash concentration. in the feces)].
†
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Conclusions
Acid detergent insoluble ash is a reliable tool that can
be used in place of collecting total fecal output to determine diet digestibility. The importance of these results is
that internal marker recovery for each group was the same
over a range of diets, even those that contained components that impacted digestion negatively. Consistent internal marker recovery over a range of diets and species
makes ADIA a reliable internal marker to determine total
digestibility under a range of situations. Given that ADIA
is faster and requires less labor, it proves to be a beneficial
replacement to total fecal collections to determine total digestibility, which saves time and allows for greater numbers of observations in studies.
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•

There is a lack of current research on the impacts of
the COVID-19 pandemic on veterinary professionals
worldwide. Prior research suggested that these
essential workers were greatly impacted by the
pandemic.

•

Data from this study indicate that the pandemic
and subsequent socioeconomic challenges had a
detrimental impact on the mental well-being of some
veterinary professionals in Northwest Arkansas,
which aligned with prior research.

•

Though participants reported the pandemic had an
overall negative impact, they expressed hope for
the future and said that maintaining meaningful
connections with peers throughout isolation was an
important factor that helped them through the worst
of the pandemic.
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Pandemics and Animal Welfare: A MixedMethods Inquiry into How the COVID-19
Pandemic Affected the Companion
Animal Industry in Northwest Arkansas
Sabrina Cox* and Isabel Whitehead†
Abstract
The first cases of coronavirus reported in the United States came in January 2020. In the two
years since then, countries around the world have been affected by COVID-19 and the subsequent social, economic, and mental health issues. The animal healthcare field was already overrun with burnout, substance abuse, depression, and increased levels of stress, and the pandemic
has only compounded these issues. Observing a lack of meaningful reporting on the issues affecting veterinary staff led the researchers to investigate staff members’ practices, day-to-day
responsibilities, and their current mental health. In this mixed-methods study, the purpose was
to investigate and report the ongoing effects of the COVID-19 pandemic on veterinary staff in
the Northwest Arkansas area through online self-reporting surveys and virtual interviews with
the staff. Sixteen clinics were contacted, and four agreed to participate in the online survey. The
survey remained open for two weeks, and virtual interviews were scheduled following the survey
completion. Descriptive statistic findings (n = 10) showed an overall increase in staffing shortages (80%), increased volume of daily appointments (100%), an increase in work-related burnout
(90%), stress (90%), depressive tendencies (70%), and anxiety (100%). Qualitative interviews
(n = 5) explored how maintaining a sense of community and belonging with peers was a helpful
strategy to cope with the stress of these unforeseen circumstances. The results from this study
align with previous studies looking into burnout, stress, and depression in veterinary medicine.

* Sabrina Cox is a May 2022 honors program graduate from the Department of Animal Science.
† Isabel Whitehead, the faculty mentor, is an honors faculty member and an instructor for the Dale Bumpers College of
Agricultural, Food and Life Sciences.
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Introduction
The COVID-19 pandemic has detrimentally impacted
multiple industries with essential workers since the first
cases were reported in late 2019. Research shows veterinarians have been busy during the pandemic (Tompkins, 2020) and that the combined financial, social, and
workplace stressors are causing burnout in veterinarians
worldwide (Tan, 2020). Many veterinary and medical students are experiencing increased levels of stress, anxiety,
depression, and substance abuse. Additionally, the lack of
in-person instruction has caused students across many disciplines to feel a lack of fulfillment in their education and
in their social lives (Jawad et al., 2020). Veterinarians already experience some of the highest rates of work-related
stress and suicide, and the pandemic has caused these rates
to increase. Veterinary nurses in the United Kingdom selfreported some of the lowest mental health levels, indicating fatigue, depressive mood, and a lack of meaningful
connections with others (Mair et al., 2020).
These preliminary findings about the impacts of the
pandemic on the mental health of professionals and students in the veterinary medicine sector are vital to our understanding of the long-term effects and trauma caused by
the pandemic. If students and professionals are reporting
such negative effects on their mental health mere months
into the pandemic, how will the coming months (or even
years) impact them? Mobasheri (2020) called for a collaboration between all different sectors of medicine—
namely, human and animal medical professionals—in order to form a united front to work towards optimal health
for humans, animals, and the environment. Considering
the levels of burnout and stress reported in recent studies,
this study aimed to investigate and report the effects of the
global pandemic on veterinary staff in the Northwest Arkansas region. The research objectives for the study were
to 1) identify the financial impact on veterinary clinics in
Northwest Arkansas, as well as the change in the volume
of clientele and patients and the frequency of their visits;
2) investigate the effects of the pandemic on staffs’ physical, mental, and emotional well-being; and 3) investigate
how veterinary business practices adapted to city, state,
and federal guidelines for interacting with clients.

Materials and Methods
This study employed a non-experimental, mixed-methods approach using online surveys and semi-structured
virtual interviews. The online survey was compiled by the
researcher using questions from the Warwick-Edinburgh
Mental Well-being Scale (Warwick Medical School,
2020) in addition to new questions specific to veterinary
medicine. The interview protocol was developed by the
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researcher based on questions from Leech (2002). The
survey and interview protocol were sent to a panel of animal science experts for review, in addition to holding three
cognitive interviews with individuals in the veterinary
medicine industry to ensure that the questions were valid,
relevant to the purpose of the study, and clear. The population included veterinarians, veterinary technicians, veterinary assistants, receptionists, office personnel, and kennel
assistants employed at veterinary clinics in the Northwest
Arkansas area. Convenience sampling, a non-probability
form of sampling, was used for the study. This method is
simple, inexpensive, efficient, and deemed appropriate for
the scope of this study (Jager et al., 2017). After receiving
approval from the Institutional Review Board of the University of Arkansas for the use of human subjects (Protocol #2201381633), the study was conducted in the spring
of 2022. The researcher contacted 16 veterinary clinics,
and 4 clinics returned the signed business consent form.
The first section of the survey included demographic
questions, asking the participants to report their gender, age
range, job title, and the amount of time they worked in the
animal healthcare field. The next section asked questions
relating to business practices, such as any change in protocols and changes in services offered. The last section of
the survey asked respondents to report their mental health
levels. Participants were presented with the Warwick-Edinburgh Mental Well-being Scale (WEMWBS), a 14-statement Likert-style questionnaire with answers ranging from
(1) none of the time to (5) all of the time. Finally, participants were presented with a Likert-style matrix asking them
to report the answer that best describes their mental health
experience during the pandemic on a scale of (1) increased
significantly to (5) decreased significantly.
For the quantitative portion of the study, the link to
the online survey was emailed to clinics, which remained
open for 14 days, with one reminder sent on day 7. For the
qualitative portion of the study, semi-structured interviews
were conducted through web conferences with participants
who indicated their interest in the survey. Each virtual interview lasted approximately 30 minutes. The semi-structured nature of the interviews allowed for both standardized and individualized data collection without the rigidity
and formality of a structured interview (Fontana and Frey,
2005). Interviews were conducted and audio recorded with
the consent of the participant. Audio recordings were transcribed and edited by the researcher using an online transcription program in order to correct transcription errors
and de-identify the transcripts of participants’ information.
A total of 5 interviews were conducted.
Data collected from closed-ended questions were analyzed statistically through an online data analysis program
in order to identify frequencies, means, and standard deviations. The transcripts from the virtual interviews were
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downloaded to a word processing software, using wide
margins, and were qualitatively analyzed using thematic
analysis. Three total rounds of coding were conducted
in order to identify frequently used words, phrases, and
sentiments. The categories were then refined and assigned
names to represent the different themes (Alhojailan, 2012).

Results and Discussion
A total of 4 veterinary clinics consented to participate
in this study, and 10 survey responses were received,
along with 5 follow-up interviews. Most participants were
in the 25 to 34-year-old age range (50%), but age groups
ranged from 18 to 24 (10%) to 55 to 64 (10%). All participants were female and white. Participants’ roles included
office managers (10%), receptionists (20%), veterinary
assistants or technicians (40%), veterinarians (20%), and
veterinarians/owners (10%). Participants’ years of experience in the veterinary field ranged from 1 to 5 years

(10%), 5 to 10 years (40%), and 10 years or longer (50%).
Of the 10 responses received, 100% of participants reported that their clinic changed the services offered. Regarding specific changes, participants were presented with
a set of services in a matrix table and asked to indicate
whether their clinic offered these services on a scale of
(1) already offered pre-pandemic, (2) added in response to
the pandemic, (3) altered in response to the pandemic, (4)
no longer offered, and (5) not applicable. All participants
indicated that their clinic added curbside appointments in
response to the pandemic. Other services, such as phone
consultations and house calls, were already offered prior
to the pandemic, but some participants indicated that these
services were altered in response to the pandemic. Eighty
percent of participants felt that the change in services had
a positive effect on their business.
Participants reported an increase in the volume of
clients, patients, and appointments since the start of the
pandemic, with 100% of the responses in each category

Table 1. Perception of change in demand for routine procedures and services.
Significant
Slight
No noticeable
Slight
Significant
Not
increase
increase change/Unsure decrease
decrease applicable
Item
Spay/Neuter
20.00%
40.00%
20.00%
10.00%
0.00%
10.00%
Surgeries

1

Dentals

10.00%

40.00%

30.00%

10.00%

0.00%

10.00%

Mass/Tumor
Removal

10.00%

40.00%

30.00%

10.00%

0.00%

10.00%

Radiographs (with
or without
anesthesia)

10.00%

30.00%

60.00%

0.00%

0.00%

0.00%

New Pet Wellness
Appointments

70.00%

10.00%

0.00%

10.00%

0.00%

10.00%

Annual Wellness
Appointments

30.00%

30.00%

20.00%

10.00%

0.00%

10.00%

Problem/Ill/Injured
Appointments

50.00%

40.00%

10.00%

0.00%

0.00%

0.00%

Vaccine
Appointments

20.00%

60.00%

0.00%

10.00%

0.00%

10.00%

Grooming
Appointments
(including nail trims)

20.00%

40.00%

20.00%

0.00%

10.00%

10.00%

Other (please
specify)

0.00%

0.00%

10.00%

0.00%

0.00%

90.00%
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falling into either slight increase or significant increase.
They were then presented with a matrix and asked to indicate if there was a change in demand for any routine
procedures. Participants reported an increase in almost
all appointment categories—New Pet Wellness Appointments, Problem/Ill/Injured Appointments, and Vaccine
Appointments were the categories that participants said
increased in demand the most (Table 1). Participants reported their weekly hours worked increased as a result of
the pandemic (60%). Participants also reported that they
did not feel they received adequate compensation for the
work they did and the care they provided during the pandemic (40%).
In the Warwick-Edinburgh Mental Well-being Scale,
80% of participants reported feeling relaxed rarely or none
of the time, 60% reported that they rarely have energy to
spare, while 30% reported that they do not have any energy to spare. Further statements show participants reporting that they rarely feel good about themselves (20%),
they rarely or never feel cheerful (40%), and are not interested or are rarely interested in new things (40%). Participants also reported that they felt useful—40% reported
that they felt useful all of the time, and another 30% felt

useful some of the time. Participants felt that they were often dealing with problems well (30%) and that they were
often thinking clearly (40%) (Table 2).
Participants reported a decrease in their overall mental
health (70%), an increase in stress levels (90%), a slight increase in substance abuse (10%), and increased feelings of
work-related burnout (90%). All of the participants reported
their anxiety levels increased either somewhat (60%) or significantly (40%). Seventy percent of participants reported
increased levels of depression (Table 3). The quantitative
data produced by this study aligns with prior research—
veterinary professionals are experiencing increased rates of
burnout, stress, anxiety, and depression (Mair et al., 2020).
The interviews utilized in this study sought to further
explore participants’ experiences working at a veterinary
clinic during the COVID-19 pandemic. The themes identified include: boarding reservations, patient and client
volume, staffing shortages, learning curves, physical wellness, mental and emotional wellness, dealing with misinformation, an optimistic outlook, immediate changes,
curbside, and exceptions to the rules. Quotes that illustrate
the themes identified through participant interviews are
listed in Table 4.

Table 2. Warwick-Edinburgh Mental Well-Being Scale.
None of
the time
10.00%

Rarely
30.00%

Some of
the time
30.00%

Often
20.00%

All of the
time
10.00%

Not
applicable
0.00%

I've been feeling useful

0.00%

10.00%

20.00%

30.00%

40.00%

0.00%

I've been feeling relaxed

20.00%

60.00%

0.00%

20.00%

0.00%

0.00%

I've been feeling interested in other
people

20.00%

0.00%

30.00%

40.00%

10.00%

0.00%

I've had energy to spare

30.00%

60.00%

10.00%

0.00%

0.00%

0.00%

I've been dealing with problems well

20.00%

10.00%

30.00%

30.00%

10.00%

0.00%

I've been thinking clearly

10.00%

10.00%

40.00%

40.00%

0.00%

0.00%

I've been feeling good about myself

10.00%

20.00%

40.00%

10.00%

20.00%

0.00%

I've been feeling close to other
people

20.00%

10.00%

20.00%

40.00%

10.00%

0.00%

I've been feeling confident

10.00%

10.00%

30.00%

40.00%

10.00%

0.00%

I've been able to make up my own
mind about things

0.00%

10.00%

20.00%

50.00%

20.00%

0.00%

I've been feeling loved

10.00%

20.00%

10.00%

40.00%

20.00%

0.00%

I've been interested in new things

10.00%

30.00%

30.00%

20.00%

10.00%

0.00%

I've been feeling cheerful

10.00%

30.00%

30.00%

20.00%

10.00%

0.00%

Item
I've been feeling optimistic about
the future
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Boarding reservations are an important part of many
clinics’ income, and one of the immediate challenges these
clinics faced was a sudden drop in the volume of reservations. However, each of the participants interviewed
identified an increase in overall workload. They described
these times as chaotic and stated that doctors were unable
to keep up with the patient load. Another clinic moved to
a new facility with more examination rooms, which led
to an increase in the volume of appointments and patients
being seen. This added increased stress to the staff since
they were already experiencing the highest turnover rates
in the history of their clinic.
The sudden change in procedure affected everyone interviewed. Many clinics closed their doors to in-house services immediately after the start of “lockdown” in March
2020, and clinics began to require employees and clients
to wear masks at all times. All participants interviewed reported that their clinic utilized curbside service for some
duration of time; one clinic returned to normal in-house
services as soon as the majority of the employees had been
vaccinated, one clinic reopened its doors in May 2021, and
another clinic is still functioning as curbside-only. Participants had mixed opinions on the curbside services; some
indicated that it was far less efficient since assistants were
spending extra time going out to parking lots or speaking
on the phone to clients, while others felt that examinations
were performed more efficiently without owners present.
Many clinics continue to offer curbside service on an asneeded basis for clients who are ill or may be uncomfortable with prolonged face-to-face interactions. Clinics also
allowed some exceptions—for sensitive appointments,
such as euthanasia, clients were allowed into the buildings,
though social distancing and masks were strictly required.
Responses varied when discussing physical well-being.
Some participants expressed struggling with weight gain,

turning to comfort food, and returning to familiar unhealthy
habits to cope with the pressures of the pandemic. A decrease in physical activity as a side-effect of stress and lack
of energy only exacerbated these issues. However, another
participant attributed their stable mental and physical state
to spending time outside and working on their farm.
Participants also reported increased feelings of workrelated burnout, stress, and anxiety across multiple positions. Multiple participants reported that they strongly
considered leaving the profession—some considered
leaving for a short time, while others considered leaving the field entirely. Though there was discussion of a
significant increase in work-related mental health issues,
participants commonly identified maintaining a sense of
community with their peers and coworkers as the main
factor that helped them through the worst of the pandemic.

Conclusions
In conclusion, the goal of this study was to report the effects of the COVID-19 pandemic on veterinary clinics and
their employees accurately and thoroughly—specifically,
any changes in business practices, mental health levels,
and financial impacts. Participants reported that their businesses changed the services offered, there was an overall
increase in appointments, and their weekly hours worked
increased during the pandemic. Mental health levels decreased overall, with an increase in stress, anxiety, depressive feelings, and work-related burnout. Though this study
has limitations and cannot be generalized, it provided important insight into the effects of a global pandemic on
veterinary professionals in the Northwest Arkansas region. The data produced by this study align with previous research looking into the effects of the pandemic on
veterinarians and veterinary technicians. Further research

Table 3. Participants’ changes in mental health since the start of the pandemic.
Increased
significantly
10.00%

Increased
somewhat
0.00%

No
change
20.00%

70.00%

20.00%

10.00%

0.00%

0.00%

10

0.00%

10.00%

90.00%

0.00%

0.00%

10

Feelings of work-related burnout

60.00%

30.00%

10.00%

0.00%

0.00%

10

Anxiety levels

40.00%

60.00%

0.00%

0.00%

0.00%

10

Depression

30.00%

40.00%

30.00%

0.00%

0.00%

10

0.00%

0.00%

55.56%

0.00%

44.44%

9

Question
Overall mental health
Stress levels
Substance abuse

Other (please specify)

Decreased
somewhat
50.00%

Decreased
significantly
20.00%

Total
10

1
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Theme
Boarding reservations

Patient and client
volumes
Staffing shortages
Learning curves

Physical wellness

Mental and emotional
wellness

Table 4. Direct quotes from participants in the study.
Quotes
“All of our kennels emptied out.”
“During the first year, boarding was nonexistent because no one was traveling. The
second year, boarding was constantly busy every weekend.”
“All of a sudden, it just, it just started, and it kept coming and it didn’t stop… it was
just complete, complete chaos… [the doctors] couldn’t keep up with the patient
load.”
“A lot of my experienced staff either quit and left the field entirely or just went to
[non-emergency practices]. It was rough there for a while around the summer of
2020… I was just calling it, you know, if you have a pulse, you get a job.”
“It was a big adjustment… but we adapted… [the pandemic] opened our eyes to,
you know, different options… and made us see that we can be very flexible.”
“[We are] more having to train inexperienced people. So, we had enough numbers
of people, but not like an equal trade for the [experienced] person that left.”
“It was literally wake up, stress, go to work, stress, come home, drink three White
Claws so that you can go to sleep and then repeat.”
“I’m in way worse shape than I was just because you’re mentally drained.”
“I’m definitely feeling more burned out than I ever have… most days I don’t want to
go to work.”
“At one point, I definitely did consider, like, is this what I want to do? Is it worth it?”

Dealing with
misinformation
An optimistic outlook
Immediate changes
Curbside
Exceptions to the
rules

“One of the most important things of veterinary medicine is our colleagues… I feel
very connected.”
“It was really frustrating being a professional that deals with vaccine risk versus
benefit every day, and just seeing how stupid some people were being about it.”
“Through it all it did teach us to work more efficiently… the busier that we did get,
the more efficiently we were working.”
“We closed the doors to having… people come inside, which happened almost
immediately in spring of 2020.”
“I had a little bit more history taking… and then I would try to follow up on the
phone, which was very difficult because people never answered their phone.”
“We did allow people to be in the building and present with their [pets] during the
euthanasia [process] as we didn’t want to, you know, sacrifice that.”
“Outside appointments were encouraged if the owner needed to be present.”

1
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should consider the long-term effects on these workers, as
well as any impacts on patient care and client satisfaction.
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•

Sectors of the companion animal industry
experienced varying degrees of setbacks related
to their business practices as a direct result of the
COVID-19 pandemic throughout 2020 and 2021.

•

This research covered the COVID-19 timeline,
shortages and setbacks associated with the
outbreak, and contingency of the pandemic, and
includes steps taken to address these specific
setbacks in the companion animal industry.

•

Results show that animal daycare and boarding
facilities, animal shelters, and rescue organizations
all experienced an overall decline in business in
2020, followed by an increase in 2021, with the
employees of animal rescues and shelters reporting
an increased number of completed surrender
applications as pandemic restrictions were lifted.
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Pandemics and Animal Welfare:
A Quantitative Inquiry into How the
COVID-19 Pandemic Has Affected
the Companion Animal Industry in
Northwest Arkansas
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Abstract
Since the emergence of the COVID-19 pandemic in late 2019, industries have been impacted
globally. The companion animal care industry has not received much recognition in mainstream
news, and as pandemic stressors increased, individual facilities such as animal rescues, shelters,
and day care and boarding facilities felt the pressures associated with them. Little is known about
the long-term effects of the pandemic on these facilities and how companion animal care may
have changed. The purpose of this study was to explore the day-to-day impacts and long-term
effects of COVID-19 on the companion animal industry in Northwest Arkansas from early 2020
to 2021. This study recruited participants from animal daycare and boarding facilities, shelters,
and rescue organization facilities in Northwest Arkansas and used a non-experimental survey
research design. Twenty-eight facilities were contacted and six agreed to participate. Results
showed an overall decrease in the number of clients and animals requiring services in 2020, but
in 2021, these numbers increased. Open response analysis showed that non-profit organizations
were not subject to the same mandated shutdowns as other businesses, which was an unexpected
finding. The results also showed a brief increase in the number of pet surrenders and abandonments, followed by a notable increase in the number of pet adoptions and foster home applications at the start of the COVID-19 pandemic and its related quarantine and restrictions.

* Kayla DeSmet is a May 2022 honors program graduate with a major in Animal Science with a pre-professional concentration.
† Isabel Whitehead, the faculty mentor, is an honors faculty member and an instructor for the Dale Bumpers College of
Agricultural, Food and Life Sciences.
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Introduction
Over the last two years, the COVID-19 pandemic has
impacted multiple aspects of the companion animal welfare industry, including pet owners, private businesses,
and volunteer organizations. At the beginning of the COVID-19 outbreak, many pet owners were fearful of contracting the virus from their pets, resulting in a brief increase
of pet surrenders and abandonments in 2020 (Van Dobbenburgh and De Briyne, 2020). Additionally, there was a
notable increase in the number of pet adoptions and completed foster home applications in mid to late 2020 when
quarantine and other pandemic restrictions were strictly
enforced (Van Dobbenburgh and De Briyne, 2020).
The demand for goods and services provided by the pet
care industry is expected to increase as the number of pet
owners grows. Pet services that are likely to experience increased demand include veterinary visits, grooming, overnight boarding, animal daycare, and behavioral or obedience training (Boesel, 2020). Dog walking and training
operations have been on a decline since COVID-19 began; however, when pet owners return to work, it is likely
going to cause separation anxiety in many pets. Separation anxiety, after owners go back to work and children go
back to school, in these pandemic pets will ultimately lead
to an increase in services associated with animal behavior
and training (Boesel, 2020).
While these recent studies focused on pets and pet
related industries, there is limited information available
about the direct effects of the pandemic on animal shelters, rescue centers, and daycare and boarding facilities
from the employee perspective. The purpose of this study
was to explore the impacts of COVID-19 on the companion animal industry in Northwest Arkansas (NWA) from
early 2020 through 2021. The research objectives were to
1) identify the day-to-day impacts and long-term effects of
COVID-19 on animal shelters, rescue organizations, and
daycare and boarding facilities in NWA; 2) identify how
aspects of COVID-19 changed (if at all) the way companion animal care is provided to animals throughout the
facilities; and 3) explore aspects of COVID-19 that have
most affected animal shelters, rescue organizations, and
animal daycare and boarding facilities in NWA.

Materials and Methods
This study utilized a non-experimental survey design
to explore the impacts of COVID-19 on companion animal service providers in NWA. The survey instrument was
adapted from surveys released by the American Veterinary
Medicine Association (AVMA, 2020) and the U.S Bureau
of Labor Statistics (2020), to gather information through
multiple choice, Likert-style questions, close- and open-
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ended questions. To address content validity, the survey
instrument was reviewed by a panel of agricultural communications and animal science experts, and three cognitive interviews were conducted with individuals in the
companion animal industry prior to survey distribution.
Human subjects approval was sought from the University of Arkansas’ Institutional Review Board (IRB) prior
to conducting the study (Protocol #2201381645). The
sample included staff and workforce members of animal
daycare and boarding facilities, shelters, and rescue organizations located throughout NWA. Convenience sampling was used to recruit facilities in the region. Facilities
were recruited by phone, and business consent forms were
acquired from the office manager or owner prior to collecting data. Data collection took place over four weeks.
Office managers were emailed instructions about whom
the email should be forwarded to, the link to the survey,
and were sent email reminders on day seven. Descriptive
statistics were run using an online data analysis platform
to identify means, frequencies, and standard deviations.
Open responses were downloaded as a separate document,
with double spacing and wide margins, and organized by
question item. The open responses were qualitatively analyzed using three rounds of coding. First, the data were
coded for affective responses and procedural descriptions.
Secondary coding was then performed to refine the categories and codes. A final round of coding was performed
to finalize the categories and name the common themes
observed among the responses.

Results and Discussion
Overall, 28 facilities were contacted, and six of those
facilities agreed to participate in the study and a total of
ten individual responses were received (n = 10). Regarding closures, three employees reported their facility experienced a government or locally mandated shutdown as a
direct result of the COVID-19 pandemic. Of the three facilities that experienced a shutdown, one animal daycare/
boarding employee reported their location was closed for
a duration of two months, one local animal shelter employee reported adjusting to emergency services only,
while one other animal shelter reported closing their doors
to all public foot traffic.
Participants were initially presented with a set of perception statements regarding specific setbacks brought on by
the pandemic. On a scale of 1 to 5, with 1 being strongly
agree and 5 being strongly disagree, the results showed participant reports were between agree and neutral with issues
related to supply shortages with a mean of 2.6 (sd = 1.2)
(Table 1). When participants were asked if their facilities
experienced setbacks due to a lack of animal food the results were between disagree and strongly disagree with a
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mean of 4.20 (sd = 0.87). The additional statements regarding setbacks due to understaffing, local mandated government shutdowns, and lack of access to other resources all
had means in the neutral to disagree range.
When employees were asked about their perceptions
of the ongoing effects of the pandemic associated with
animals and their human counterparts, the results varied
slightly. On a scale of 1 to 5, with 1 being strongly disagree and 5 being strongly agree, participants responses
to the statement, "there would likely be an increase in the
number of pets suffering from separation anxiety once the
pandemic ends," fell between somewhat agree and strongly agree with mean = 4.3 (sd = 0.64) (Table 2). However,
when participants were given the statement, "there will

likely be an increase in the number of animal owners that
suffer from separation anxiety once the pandemic ends,"
the mean fell between neutral and somewhat agree at 3.90
(sd = 0.94). Additionally, results from the statement, "the
COVID-19 pandemic has had an effect on the companion animal industry," fell between neutral and somewhat
agree with a mean = 3.90 (sd = 0.83). Lastly, the results
illustrated that participants agreed that the COVID-19
pandemic has resulted in a stronger human-animal bond
with a mean = 4.10 (sd = 0.83). The topic of separation
anxiety in humans was not discussed much in preexisting
literature, and future research could be used to help further
understand the impacts of COVID-19 on humans’ and animals’ overall health and well-being.

Table 1. Setbacks reported by facility employees.a
Item
My facility experienced setbacks due to supply shortages.

Meanb
2.60

Standard Deviation
1.20

My facility experienced setbacks due to understaffing.

3.10

1.04

My facility experienced setbacks due to a lack of animal food.

4.20

0.87

My facility experienced setbacks due to lack of access to other
resources.

3.30

1.19

My facility experienced setbacks due to mandated local
government shutdown.
a
n = 10.
b
Scale: (1) = strongly agree to (5) strongly disagree.

3.20

1.33

Table 2. Employee opinions about pandemic-related companion animal industry changes.a
Standard
b
Deviation
Item
Mean
There will likely be an increase in the number of pets that suffer from
4.30
0.64
separation anxiety once the pandemic ends.
Due to the COVID-19 pandemic the relationship between animal
owners and pets has resulted in a stronger human-animal bond.

4.10

0.83

The COVID-19 pandemic has had an effect on the companion animal
industry.

3.90

0.83

There will likely be an increase in separation anxiety in the number of
pet owners once the pandemic comes to an end.
a
n = 10.
b
Scale: (1) = strongly disagree to (5) strongly agree.

3.90

0.94
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Participants were asked to note the change, if any, in
the fluctuation of residing animals throughout 2020 and
2021.There was between no change and a decrease in the
number of residing animals during 2020 with a mean of
2.80 (sd = 0.60). Respondents indicated that there was an
increase in the number of residents once pandemic restrictions were lifted in 2021 with a mean of 1.80 (sd = 0.98).
These fluctuating animal adoptions and surrenders were
further described by respondents in the open-response
section using the term “pandemic puppies.” The term referred to animals that were adopted in 2020 during times
of quarantining and working from home, and later returned
to animal shelters in 2021 as pandemic restrictions began
to be lifted. These findings aligned with previous research
showing an increase in the number of pet adoptions during
the quarantine time period in 2020 (Van Dobbenburgh and
De Briyne, 2020),
Employees of animal daycare and boarding facilities
reported an overall decrease in the demand of their services in 2020, with an individual stating in an open response
follow-up question that the boarding business aspects of
these facilities dropped at the beginning of the pandemic
and that business sales were down nearly 40% to 50% for
2020. However, participants also explained that these facilities are expected to make a complete turnaround once
the pandemic is officially over. Employees at animal daycare and boarding facilities reported an increase in demand for their services in 2021, an increase in the number

of clients, and subsequently, an increase in the number of
animals that attend animal daycare and boarding facilities
as the pandemic restrictions were lifted. A prior study concluded that the grooming and boarding industry has been
on a steady incline over the past 5 years and is expected
to continue growing (Daly, 2021). Employees of animal
daycare and boarding facilities reported that there was
a downturn in all areas of business except for grooming
which aligned with Daly’s suggestions.
The three common themes that arose in the open responses throughout the qualitative analysis were staffing-related issues, a decline in overall business in 2020
followed by an increase in business in 2021, and lastly
facilities implementing new or additional protocols in response to the pandemic. Quotes are provided below along
with the overarching theme and the associated facility type
that the respondent represented.
For the theme staffing related issues in response to
the pandemic, a respondent who works in animal shelter
said, “It just led to exhausting workloads. We didn't have
a shortage of supplies however, just staff. The strain was
just a lot more.”
The COVID-19 timeline (Table 3) was reported by
participants and the theme of an overall decline in business for the year 2020. A participant from a daycare and
boarding facility stated: “90% of spring break reservations
cancelled. From there, business declined even worse, specifically in NWA.” Another open response indicated that

Table 3. COVID-19 pandemic timeline.a
Item
During 2020, the volume of residing animals or animal patients located
at my facility

Meanb
2.80

Standard
Deviation
0.60

During 2021, the volume of residing animals or animal patients located
at my facility

1.80

0.98

During 2020, the volume of clientele

2.50

0.67

During 2021, the volume of clientele

1.70

0.78

The prices that my facility charged for services in 2020

2.00

0.45

The prices that my facility charged for services in 2021

1.80

0.40

The demand for products and services provided by my facility in 2020

1.90

0.94

The demand for products and services provided by my facility in 2021
a
n = 10.
b
Scale: (1) increased (2) no change (3) decreased.

1.10

0.30

32

DISCOVERY • Vol. 23, Fall 2022

there was an overall increase in business in 2021, as local pandemic restrictions were lifted. One animal daycare
and boarding facility employee reported: “Clients services
decreased the first six months of the pandemic and then
increased dramatically.”
The final identified theme was that many business
types reported implementing new protocols in response
to the pandemic. An animal daycare and boarding facility
employee stated, “We wore masks, and we increased our
disinfection protocols to the highest possible level.” Employees explained that by doing this, they felt they were
keeping animals’ and clients’ well-being a priority. Animal shelter employees also reported that they instituted an
adoption application to be filled out prior to meeting with
their animal residents. One employee at an animal rescue
organization reported that their specific facility type had
less changes to adjust to: “We are foster-based so didn't
have to change much. We asked fosters and volunteers
to practice distancing and mask when doing meet and
greets.”

Conclusions
Employees at animal daycare and boarding facilities,
animal shelters, and rescue organizations experienced a
decline in business at the beginning of the pandemic and
after the restrictions that followed in 2020. There was an
increase in the demands and services provided by various facility types as pandemic restrictions were lifted in
2021. Open response analysis revealed that employees of
animal daycare and boarding facilities implemented facemask protocols, increased their levels of sanitation, and
overall experienced a downturn in business during 2020.
However, animal shelters and rescue organizations report-

ed an increase in demand and services in 2020 due to an
influx of people obtaining a pet during quarantine. Lastly,
the “pandemic puppies” emerged, which animal shelter
employees used to describe the phenomenon of animals
adopted in 2020 during pandemic restrictions but returned
in 2021 as restrictions were lifted.
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Research at a Glance
•

Sunrise/sunset lighting is better overall than
traditional on/off lighting.

•

Corticosterone is the primary stress hormone
in poultry, and increased levels can lead to less
muscle and egg production, as well as lower
organ weights.

•

Quail in sunrise/sunset lighting took longer to
come into lay but laid more eggs than quail in on/
off lighting.

Hannah in the lab getting a new pipette tip between
moving blood serum samples from their storage tubes into
the tubes to prepare them for data collection.
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Effects of Sunrise/Sunset Lighting on
Corticosterone Levels in Coturnix Quail
(Coturnix coturnix)
Hannah M. Feuerborn* and Sara K. Orlowski†
Abstract
Both genetics and environment play important roles in the growth, performance, and overall welfare of poultry species. Current commercial production practices typically do not mimic the natural
environmental conditions of ancestral poultry species, specifically lighting. The current study aimed
to evaluate the impact of genetics and the effect of sunrise/sunset lighting on the stress response
of 4 genetic lines of Coturnix quail. The 4 lines utilized in this study included high stress (H), low
stress (L), stress control (R), and Arkansas randombred (A) quail lines. Day old chicks from these
lines were placed in one of two environmentally controlled rooms. All conditions were kept similar
between the rooms until week 4. At week 4, half of the quail in each room were relocated to the other
room, and the experimental conditions began. One room was subjected to sudden on/off lighting,
while the other room was subjected to a 1-hour long sunrise/sunset treatment. At 8 weeks of age,
blood was collected from one bird in each line of quail at 5 time points: before lights on, 3 points
during sunrise lighting, and after lights were on at full intensity. The subsequent plasma samples
were evaluated for their corticosterone concentrations. Quail housed in the sunrise/sunset lighting room had numerically lower corticosterone concentrations overall, and transferred quail had
numerically elevated corticosterone concentrations. In conclusion, sunrise/sunset lighting has the
potential to improve overall production, regardless of the genetic line.

* Hannah Feuerborn is a May 2022 honors program graduate with a major in Poultry Science.
† Sara Orlowski, the faculty mentor, is an Assistant Professor in the University of Arkansas System Division of Agriculture's
Cooperative Extension Service.
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Introduction
Poultry species, including chickens, turkeys, and quail,
are typically grown in controlled environments to maximize both genetic potential and economic gains. In these
controlled environments, nearly every aspect of management, including temperature, humidity, day length, light
intensity, water pressure, and diet, is regulated. Characterizing the best environment to grow poultry is dynamic
since the commercial bird is constantly changing due to
genetic selection. As mentioned, lighting is controlled
during production but fails to emulate the natural habitat
from which their ancestors evolved (Manci et al., 1992).
Current production practices continue to utilize traditional on/off lighting, though the technology for gradual
sunrise/sunset lighting is available (Manci et al., 1992). Hypothesized benefits of the gradual lighting system include
the creation of a low-stress environment as indicated by
reduced corticosterone (Majer et al., 2019). This leads to
an increased growth rate, better metabolism, and improved
overall bird welfare through a lessened stress response.
In North America, natural day length is not practical
for sustained commercial egg production. Light supplementation that is balanced between natural and artificial
day length is necessary to maintain peak production (Rubinoff, 2016) and persistence of lay. For housing with solid sidewalls, artificial lighting is the only light available.
Consistent day length is critical for synchronization of lay.
Achieving synchrony of lay is important for the consistent
performance of the birds in a poultry house. Since breeder
management changes with the age of the bird, it is important to establish and maintain flock uniformity by managing nutrition and lighting requirements. A uniform flock
is easier to manage because special attention to small or
oversized breeders would not be required.
Currently, research has focused on the effects of light
intensity and spectrum and its impact on hormone production, metabolism, and other aspects of avian physiology and reproduction (Ibrahim et al., 2012), but there is
minimal research investigating how turning lights on and
off affect hormonal stress response, specifically concentrations of corticosterone. One study focusing on gradual
lighting changes on fish was found (Ryu et al., 2019). Ryu
and colleagues (2019) determined that plasma concentrations of cortisol were greater in the control group when
compared to the group subjected to dimming lighting.
Evaluating the impacts of light intensity changes on birds
will help advance the optimal environmental conditions
required for maximized poultry production and improved
bird welfare.
The objective of this experiment was to determine the
impact of gradual sunrise/sunset lighting changes on hormonal stress levels in quail as compared to traditional on/
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off lighting. In addition, lines of quail, known to differ in
stress response, were exposed to the various lighting treatments to evaluate potential genotype by environment response. It was hypothesized that quail in the experimental
sunrise/sunset lighting system would have lower corticosterone concentrations than the quail in the control on/off
lighting system. The sunrise/sunset lighting system would
better mimic what their ancestors would be exposed to,
and the control group would be less synchronized than the
experimental group.

Materials and Methods
Since this study involved the use of vertebrae animals,
Institutional Animal Care and Use Committee approval
was obtained prior to the initiation of this study (Approval
#18083-General Rearing of Selected Chicken and Quail
Populations).
Four genetic lines of quail were utilized in this study.
These included high stress (H), low stress (L), stress control (R), and Arkansas random (A). The H, L, and R lines
were originally selected as described in Satterlee and
Johnson (1978) and have been maintained as randombred
populations at the University of Arkansas since the 1990s.
The A line was developed as a randombred control of quail
by Dr. Nick Anthony. At hatch, straight run chicks from
each of the 4 lines were tagged with an identifying wing
band. At placement, each genetic line was split evenly and
randomly into one of two rooms using stratified sampling
(Imbens, 1996) by genetic line and subjected to either traditional sudden on/off lighting (OO) or gradual sunrise/
sunset lighting (SS). In the sunrise/sunset treatment, lights
were programmed to come on gradually over a 1-hour period and shut off gradually over a 1-hour period, mimicking the natural rising and setting of the sun. At 4 weeks,
a subset of birds from each room was switched between
rooms. This created 4 environmental treatments. The environmental treatments included OO-N for chicks placed
initially in OO and not transferred, OO-T for chicks initially placed in room 1 but transferred to room 2, SS-N for
chicks initially placed in room 2 but not transferred, and
SS-T for chicks placed in room 2 and transferred to room
1. At 8 weeks, blood samples from all lines and treatment
combinations were taken at 5 different time points (lights
on, post lights on, and additional time points for room 2, 3
points during the gradual sunrise lighting).
On the day of placement, chicks received 24 hours of
light. From day 2 to day 7, the lighting schedule was reduced to 23 hours of light, and 1 hour of dark. From day
8 on, lighting in both rooms was reduced to 18 hours of
light, and 6 hours of dark. This lighting schedule remained
in effect until sampling. At 8 weeks, birds, regardless of
gender, from each experimental group were sampled be-
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fore the lights turned on, every 20 minutes into SS lights
turning on, and after the lights were fully on.
All quail were placed in fresh, pine shaving litter
floor pens. Both rooms were in the same research house.
Supplemental water was provided for the first week after
placement, and water was provided ad libitum through a
hanging nipple drinker water line throughout the experimental period. Feed was kept consistent for all treatments;
a common commercial quail starter feed was provided ad
libitum throughout the experiment period. Temperature
and ventilation for both rooms were adjusted according
to bird age.
A commercially available plasma corticosterone enzyme-linked immunosorbent assay (ELISA) kit (Enzo
Life Sciences, Inc.) and a microplate reader were used to
determine plasma corticosterone concentrations. All samples were run in duplicate. Absorbance was measured at
405 nm (Corticosterone ELISA, n.d.).
To measure corticosterone concentrations, blood samples were collected into heparinized tubes and centrifuged
to separate blood plasma. A single bird from each line,
lighting program, and time of day was sampled. Due to
low hatch numbers in two of the genetic lines, the sample
size for this project was small and additional birds per
time point could not be sampled. Blood samples were collected at 8 weeks of age once birds had been in produc-

tion for 2 weeks. For the sampling procedure, quail were
euthanized by cervical dislocation, then decapitated, and
several milliliters of blood were collected into a heparinized tube. The blood was then centrifuged at 1000 × G
for 10 minutes, and plasma separated from the red blood
cells and white blood cells. Plasma samples were frozen
for evaluation of corticosterone later.
As a result of low hatch numbers in quail lines, multiple samples per time point were not possible. Therefore,
statistical analysis could not be conducted to determine interactions between lines and treatments; however, means
with standard errors are presented for sampling times
within lighting treatment and for birds that remained in
their original lighting treatment versus those transferred
between lighting treatments.

Results and Discussion
Rooms varied based on the methods of how lights were
turned on and off. Results of this study indicated that birds
subjected to sudden on/off lighting had greater corticosterone concentrations overall than birds subjected to sunrise/sunset lighting (Fig. 1). Sunrise/sunset lighting better
mimics the lighting conditions a quail would receive in the
wild. Although these quail lines have been continuously
raised and selected in a situation where lights were sud-
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Fig. 1. Corticosterone concentrations (pg/mL) mean for each sampling time. OO–standard on/off lighting, SS–sunrise/
sunset lighting. Dark–before lights on at 8:00, dark mid–20 min into lights on, mid–40 minutes into lights on, light
mid–60 minutes into lights on, light–lights on at full intensity after 9:00. n = 51, samples analyzed in duplicate.
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den on and sudden off, having an environment that better
mimics natural lighting that a quail would be subjected to
in the wild appears to lower stress and has the potential
to improve animal welfare conditions. These results are
similar to the findings of Ryu and colleagues’ fish study
and dimming lights (2019).
Quail transferred between rooms at 4 weeks, regardless of line or treatment, had greater corticosterone concentrations than quail that remained in the same treatment
throughout the study (Fig. 2). Transfer between rooms
represents an additional stress. Even though quail were
allowed to acclimate to the new rooms for 4 weeks, the
period may have been too short to overcome the negative
impacts of the transfer stress.
As light intensity increased, so did corticosterone concentrations for lines R, L, and A. Line A and R had corticosterone concentrations greater than H and L before the
lights turned on, then settled between H and L while the
lights were turning on, then were the lowest of all bloodlines once the lights were at full intensity (Fig. 3). The H
and L lines were originally selected for their corticosterone levels after a brief mechanical stress was applied to
them (Satterlee and Johnson, 1978). It is possible the H
line has a lower basal level of corticosterone as observed
by the low corticosterone level exhibited by the H line
quail during the dark period; however, when a stress or
change in environment is applied to the quail, a sudden

but drastic increase in circulating corticosterone levels can
be observed.
Maintaining low levels of corticosterone could be key to
improving production, performance, welfare, growth rate,
and egg production. Many environmental factors have been
researched thoroughly to find out what it takes to help
birds grow faster, but the main research in lighting has
been focused on light intensity (Raccoursier et al., 2019)
and day length. What little research that has gone into light
transitions has been conducted in fish (Ryu et al., 2019).
While short-term quantification of corticosterone can
be done by sampling blood, long-term corticosterone status can be determined by measuring corticosterone stored
in the feather (Bortolotti et al., 2008). In Bortolotti and
colleagues’ study, corticosterone concentrations in molted
feathers of partridges were measured with a methanolbased extraction technique and correlated with egg production recorded over time. Although the lines of quail
were not able to be kept separate to measure egg production because of inadequate facilities, several anecdotal
observations were noted for each room. Quail subjected
to traditional lighting (OO) came into production quicker
than SS. While quail in SS took longer to come into lay
and reach peak production, the hens in SS consistently laid
2 to 3 times more eggs per day than OO. If the increased
corticosterone concentrations caused decreased egg production, it could also cause problems with hatchability
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Fig. 2. Fig. 2. Corticosterone concentrations (pg/mL) by room and transfer status. OO–standard on/off lighting, SS–
sunrise/sunset lighting. N = not transferred, T = transferred. n = 51, samples analyzed in duplicate.
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and growth. Corticosterone has also been shown to impact
embryonic survival and offspring growth (Peixoto et al.,
2020).
Not only could the transferred quail have been impacted by the light systems changing, but also by the handling
and move. Handling stress response could be avoided with
a remote blood sampling system like one created for turkeys (McMurtry and Brocht, 1984), but quail are small
and this might not be the best option. Corticosterone has
a half-life of 22 minutes in male broilers (Birrenkott and
Wiggins, 1984) and 9.8 minutes in Coturnix quail (Kovács
and Péczely, 1983), so it would not remain in the body
for that long, but the stress induced during transport from
room to room could have affected the birds’ growth. Hull
and colleagues (2007) found that young Coturnix quail
dosed with corticosterone had lower weights of the spleen,
thymus, bursa, muscle, testes, and oviduct. While stressors and egg production tracked with egg charts is beyond
the scope of this study, it merits further research.
Bird welfare continues to be at the forefront of the poultry industry, but it is usually measured by broken bones at
the processing plant. Not only does corticosterone provide
a good measure of welfare, but it can also provide insight
into how to improve production and production practices.
Since corticosterone can be traced both long-term and
short-term, this could help producers fine-tune their lighting practices and track changes within weeks.

Conclusions
Initial findings from this study suggest that sunrise/sunset lighting may be better for bird health and welfare than
traditional on/off lighting, as indicated by corticosterone
response. This research is the first step in determining new
techniques regarding lighting that producers can utilize to
help improve the health and welfare of their production
flocks. Future research that expands upon this data and
looks at a larger sample size of quail is imperative moving
forward. Although it does appear that the stress response
of lighting was not line specific, focusing on one single
line of quail subjected to either on/off lighting or sunrise/
sunset lighting is necessary in the future.
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Research at a Glance
•

Lipoteichoic acid (LTA) is a cell-wall component
of Gram-positive bacteria which is known to
elicit an inflammatory response.

•

Intradermal injection of LTA into the pulp
of growing feathers of chickens resulted in
recruitment of white blood cells, particularly
macrophages, from the blood to the site of
injection.

•

The mechanism underlying the leukocyte
infiltration profiles stimulated by LTA in chickens
is unclear but differs from other microbial cellwall products and may be species-dependent.

Ian working with graduate student Jossie Santamaria
to pluck feathers from chickens which have been
injected with lipoteichoic acid.
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Time Course Investigation of the Dermal
Leukocyte Response to Lipoteichoic
Acid in Chickens
Ian M. Gilbert,* Jossie M. Santamaria,† and Gisela F. Erf §
Abstract
Lipoteichoic acid (LTA) is a cell-wall polymer in Gram-positive bacteria that stimulates inflammation. Few studies have investigated in vivo immune response to LTA, and none of the in vivo
studies have been performed in birds. For this project, the pulp (a skin derivative) of growing
feathers (GF) of chickens was used to investigate the in vivo effects of intradermally injected
LTA. In Study 1, GF of chickens were injected with 10 μL of differing concentrations of LTA
(0.1, 1.0, 10, 100 or 250 μg LTA/mL; 3 chickens/dose). Growing feathers were plucked before
injection (0 h) and at 6, 24, 48, and 72 h post-injection and frozen before staining using immunohistochemistry for visual inspection of leukocyte infiltration. Ten μg/mL LTA was found to be
the optimal concentration to stimulate inflammation. In Study 2, GF were injected with 10 μL
of either 10 μg/mL LTA (0.1 μg LTA/GF, 12 GF/bird, n = 8) or PBS (vehicle; n = 4). Growing
feathers were collected at 0, 6, 24, 48, and 72 h. For each time point, pulp cell suspensions were
prepared and immunofluorescently stained with a panel of chicken-leukocyte-specific monoclonal antibodies. Cell populations were analyzed via flow cytometry, revealing elevated levels (%
pulp cells) in total leukocytes, monocytes/macrophages, and major histocompatibility complex
(MHC) class-II expressing cells in GF injected with LTA when compared to the control. Infiltration of lymphocytes and heterophils was not different between treatment groups. This study suggests that the inflammatory response to LTA in chickens is characterized primarily by recruitment
of monocytes/macrophages to the site of inflammation.

* Ian Gilbert is a May 2022 honors program graduate in Animal Science.
† Jossie M. Santamaria is a graduate research assistant in Poultry Science.
§ Gisela F. Erf, the faculty mentor, is a professor in the Department of Poultry Science.
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Introduction
The innate immune system is the part of the immune
system that consists of the barriers and defenses against
infection that the body has without previous exposure (Abbas et al., 2018). Inflammation is an important and complex
innate immune response that is still not fully understood.
The purpose of this study was to observe in vivo how the
inflammatory response initiated by intradermal lipoteichoic
acid (LTA) injection progressed over time. Simultaneous
intradermal injection of multiple growing feathers (GF) of a
chicken with LTA and subsequent periodic sampling of the
GF for laboratory analysis provided a profile of the local
tissue response to LTA.
The inflammatory response is the first response to injury and infection. During inflammation, vascular changes
allow elements of the immune system such as leukocytes
and plasma proteins to move from the blood to local tissues
at the site of infection (Medzhitov, 2008). These changes
are mediated by cytokines released by resident cells in the
affected tissue such as macrophages, mast cells, and endothelial cells (Abbas et al., 2018). In the classical inflammatory response, neutrophils, or the analogous heterophils
in birds, are initially recruited in high levels, and macrophages are recruited later as inflammation progresses (Abbas et al., 2018). Infections are initially recognized by a
group of molecules called pattern recognition receptors on
sentinel cells in tissues (i.e., macrophages, dendritic cells,
and mast cells) (Günther and Seyfert, 2018). Pattern recognition receptors bind a limited number of molecules that
are shared by large groups of pathogens, which signals the
cell to respond by activating defenses against infection
(Medzhitov, 2008).
Lipoteichoic acid is a cell-wall component of Grampositive bacteria (Reichmann and Gründling, 2011). It is
released during infection and elicits an inflammatory immune response (Ginsburg, 2002). Previous studies have
shown that LTA primarily triggers inflammation through
activation of toll-like receptor 2 (TLR2) (Oliveira-Nascimento et al., 2012). Other molecules such as the extracellular lipopolysaccharide-binding protein and the membrane bound CD14 and CD36 also play a role in binding
LTA and presenting it to TLR2 (Schröder et al., 2004;
Oliveira-Nascimento et al., 2012). Toll-like receptor 2 is a
membrane bound protein that is expressed in the form of a
heterodimer with TLR1 or TLR6 (Abbas et al., 2018). Lipoteichoic acid is able to bind either of the TLR2 heterodimers leading to activation of pro-inflammatory transcription factors NF-κB and AP-1 (Oliveira-Nascimento et al.,
2012). In murine macrophages, LTA has also been shown
to activate the NLRP6 inflammasome triggering release
of inflammatory cytokines and in some cases pyroptosis,
inflammatory cell death (Hara et al., 2018).

In vivo studies in mice have shown that intradermal LTA
injection results in increased neutrophil and basophil levels
based on reverse transcription polymerase chain reaction
analysis of mRNA markers (Brauweiler et al., 2019a; Brauweiler et al., 2019b). It is hypothesized that LTA in chickens
will trigger inflammatory recruitment of leukocytes to the
site of injection. However, which types of leukocytes may
be recruited remains unclear.

Materials and Methods
Two groups of male Light-brown Leghorn chickens
were raised in floor pens on wood shaving litter with standard light and temperature protocols as described by Shi
and Erf (2012). Food and water were provided for ad libitum consumption. This research was approved by the
University of Arkansas System Division of Agriculture
Institutional Animal Care and Use Committee (UADAIACUC approval #21035).
For Study 1, the pulp of 18-day-old regenerating GF of
11-week-old chickens was injected with 10 μL of LTA suspension per GF as described in French et al. (2020). Doses
of 0.1, 1.0, 10, 100, and 250 µg/mL of LTA (Staphylococcus
aureus; Sigma-Aldrich, St. Louis, Mo.) in endotoxin-free
Dulbecco’s phosphate buffered saline (EF-DPBS; SigmaAldrich) were administered to 3, 3, 4, 3, and 2 chickens,
respectively, with 12 GF injected per bird. Before injection (0 h) and at 6, 24, 48, and 72 hours post-injection
(p.i.), GF were collected from each chicken. The pulp of
each GF was isolated, placed in optimal cutting temperature freezing medium, flash-frozen in liquid nitrogen, and
stored at -80 °C. Frozen, 6-μm thick pulp sections were
cut at -23 °C using a cryostat and placed on microscope
slides as described in Sullivan and Erf (2017). Blocking
buffer, consisting of phosphate buffered saline (PBS; 0.01
M) and 10% horse serum, was added to sections before
overnight incubation in a humidified chamber at room
temperature. After incubation, slides were washed with
PBS and incubated for 30 minutes with a panel of primary
mouse-anti-chicken (mac) monoclonal antibodies (mAb).
The mac mAbs had specificity for CD45 (pan-leukocyte
marker), KUL-01 (macrophage marker), CD3 (pan-Tcell marker), Bu-1 (B-cell marker), CD4 (T-helper-cell
marker), CD8 (cytotoxic-T-cell marker), TCR1 (γδ-TCR
marker), MHCII (MHC class II expressing cell marker),
MCAM (endothelial cell marker), or irrelevant specificity
(isotype control). All mAbs were purchased from Southern Biotech (Southern Biotech, Birmingham, Ala.). After
incubation, sections were washed with PBS and incubated with biotinylated horse-anti-mouse IgG secondary
antibody (Vektor Laboratories, Inc, Burlingame, Calif.).
The sections were washed again and incubated 30 minutes with a mixture of avidin and horseradish-peroxidase-
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labeled biotin (ABC reagents; Vekta-stain Elite; Vector
Laboratories). After washing, peroxide-charged diaminobenzidine tetrahydrochloride (DAB), a colorogenic substrate for the peroxidase, was added to the section. This
enzyme-substrate reaction forms a brown precipitate on
cells with the antibody-ABC-reagent complexes. The immunochemically stained pulp sections were then counter
stained with Methyl Green nuclear stain. Stained tissue sections were observed using a bright field microscope and
photographed to visualize leukocyte infiltration to inform
decisions on the concentration of LTA to be used in the
second part of the study.
In Study 2, the pulp of twelve, 18-day-old GF of
15-week-old chickens were injected with 10 μL of 10 μg/
mL LTA suspension (0.1 μg LTA/GF; n = 8) or 10 μL/
GF of EF-DPBS (vehicle-control; n = 4). At 0, 6, 24, 48,
and 72 hours, a GF was collected from each chicken and
placed in Dulbecco’s PBS (DPBS) on ice. Pulp suspensions were prepared by incubating pulp in 0.1% collagenase-dispase solution for 10 minutes at 40 °C before being gently pushed through a 60-μm nylon mesh with extra
DPBS. Cells were washed twice by centrifugation at 250
× g for 8 minutes at 4 °C, and the final pellet was resuspended in 0.25 mL of PBS+ (0.1 M DPBS, 1% bovine
serum albumin, and 0.1% sodium azide). Cell suspensions
were stained using a panel of fluorescently labeled mac
IgG1 mAbs (Southern Biotech) in two-color and threecolor direct staining combinations (French et al., 2020).
The first combination used was mac-CD45 mAb conjugated to spectral red (CD45-SPRD) and mac-KUL-01
mAb conjugated to phycoerythrin (KUL-01-PE). The second combination used was mac-TCR1 mAb conjugated
to fluoroisothiocyanine (TCR1-FITC; γδ-TCR marker),
CD4-PE, and CD8-SPRD. The third combination used
was KUL-01-FITC, MHCII-PE, and CD3-SPRD. The final combination was TCR2/TCR3-FITC (αβ-TCR marker) and Bu-1-PE. In a 96-well round-bottom plate, 50 μL
of cell suspension was incubated with 50 μL of each staining combination for 30 minutes at 4 °C. Samples of each
cell suspension were pooled and incubated with a mixture
of fluorescently labeled mac IgG1 mAb of irrelevant specificity to determine non-specific binding and the cut-off
between positive and negative fluorescence. Three pools
with samples of each cell suspension were single-stained
with CD45-FITC, CD45-PE, or CD45-SPRD to set compensation. After incubation, cells were washed twice via
centrifugation at 250 × g for 4 minutes at 4 °C and resuspended in 200-μL PBS+. Samples were acquired on the
flow cytometer (Becton Dickinson Accuri C6 Plus; BD
Biosciences, San Jose, Calif.). Flow cytometry data were
analyzed using FlowJo software (FlowJo, LLC, Ashland,
Ore.) and leukocyte infiltration was expressed as % of total pulp cells in the cell suspension (French et al., 2020).
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Using SigmaPlot version 14.5 (Systat Software, Inc, San
Jose, Calif.), two-way analysis of variance was conducted
to determine the effect of time, treatment, and time by treatment interaction. Multiple means comparisons were made
using Fisher’s least significant difference (LSD) method.
All differences were considered significant at P ≤ 0.05.

Results and Discussion
Tissue sections from Study 1 showed variation in the
extent of leukocyte infiltration in response to varying
doses of LTA. There was not an appreciable difference in
leukocyte infiltration profiles between 10 µg/mL and 100
µg/mL LTA injection, though at 0.1 µg/mL, 1.0 µg/mL,
and 250 µg/mL, overall infiltration seemed to be lower.
For this reason, 10 µg/mL was the chosen concentration
of LTA to be used in Study 2.
In Study 2, injection of LTA in the GF resulted in pulpinfiltration of leukocytes which reached maximal levels
(% of pulp cells) at 6 h p.i. and remained elevated throughout the 72-hour examination (Fig. 1A). Total leukocyte
levels were greater in LTA-injected birds at 6, 24, and 72
h compared to the PBS control. Total leukocytes and macrophages were the only populations that showed a time ×
treatment interaction.
The local cellular response to LTA was dominated by
infiltration of macrophages. Levels of macrophages were
elevated compared to the control at 24, 48, and 72 h and
peaked at 24 h (Fig. 1C). The MHCII-expressing cells also
showed a treatment effect with higher levels of expression overall in response to LTA injection (Fig. 1D). As illustrated in Fig. 1, the LTA curves of the percentage of
both macrophages and MHCII-expressing cells are very
similar, peaking at 24 h p.i. and leveling off at 48 and 72
h at above baseline levels. As macrophages perform antigen presentation and therefore express MHCII, it is likely
that this increase in MHCII-expressing cells in response to
LTA injection is primarily due to macrophage infiltration.
Heterophil infiltration did not vary significantly between treatments (Fig. 1B). The increase seen at 6 h p.i. is
therefore only caused by tissue damage as a result of the injection. Heterophils have been shown to dominate the immune response to intradermal lipopolysaccharide (LPS),
a TLR4 ligand found in Gram-negative bacteria (French
et al., 2020). Neutrophils, the mammalian equivalent of
heterophils, have been described to respond to intradermal
LTA in mice (Brauweiler et al., 2019a). Given the results
of these two studies, it is surprising that here heterophils
were not recruited in response to intradermal LTA. More
research needs to be done to investigate how LPS and LTA
trigger very different inflammatory responses. There may
also be species-specific differences that account for the
immune reaction to LTA in chickens and mice.
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Fig. 1. Total leukocyte (A), heterophil (B), macrophage (C), and major histocompatibility complex class-II expressing pulp cell proportion (D) after intradermal injection of
lipoteichoic acid (LTA) or endotoxin-free phosphate buffered saline (PBS; vehicle control) into growing feathers (GF). The GF of 12, 15-week-old chickens were injected
with 10 µL PBS (control) or 10 µg/mL of LTA per GF. The GFs were collected before injection (0 hours), and at 6, 24, 48, and 72 hours post injection. Pulp cell suspensions
were prepared from GF and immunofluorescently stained using a panel of fluorescence-conjugated mouse monoclonal antibodies against chicken CD45 (pan-leukocyte
marker), Kul-01 (macrophage marker), or MHCII. Cell populations were analyzed by flow cytometry; heterophils were identified based on forward and side scatter
characteristics of CD45+ cells. Data shown are mean ± SEM; LTA n = 8; PBS n = 4. Within a treatment (Trt), means without a common lowercase letter are different (P ≤
0.05); an asterisk (*) indicates Trt means within a time-point are different (P ≤ 0.05); Time main effect means without a common uppercase letter are different (P ≤ 0.05).

Lymphocyte populations examined did not vary between treatments (Tables 1 and 2). The ratio of γδ T cells
to αβ T cells was calculated and was greater in response
to PBS injection (Table 2). However, as γδ T cells and αβ
T cells did not differ by treatment, it is unclear what these
results mean and why LTA may recruit lower levels of γδ
T cells relative to αβ T cells.
Total leukocyte infiltration peaked at 6 h p.i. and was
greater in LTA- compared to vehicle-injected GF. However, the only leukocyte subpopulation that showed a time
× treatment interaction was macrophages. Macrophages
peaked at 24 h p.i. and were not different between treatments at 6 h p.i. This suggests that some other cell population was responsible for the increase in leukocytes in
response to LTA injection at 6 h. Brauweiler et al. (2019b)
found that LTA stimulated recruitment of basophils in the
murine dermis. For this reason, it is possible that basophil
infiltration may be responsible for the 6-h peak in LTAstimulated leukocyte infiltration in birds.

While many studies have investigated in vitro effects
of LTA, there is a lack of research investigating the effects
of this molecule in vivo. Presented here is the first such in
vivo study performed in an avian model. Future research
should investigate changes in cytokine and chemokine
levels in response to intradermal LTA injection to uncover
why LTA-stimulated leukocyte infiltration is dominated
by macrophages and lacking in heterophils and lymphocytes. It will also be important to investigate infiltration
of other subsets of leukocytes, specifically granulocytes.

Conclusions
The pulp of GF is an established dermal test-site to investigate immune responses taking place in a complex tissue. Intradermal injection of LTA into the pulp of GF was
followed by periodic sampling of those feathers and analyses of leukocyte infiltration into the pulp. Intradermal injection of LTA in chickens resulted in infiltration of total

Table 1. Pulp cell proportions of T cells after intradermal injection of lipoteichoic acid (LTA) or
phosphate buffered saline (PBS; vehicle control) into growing feathers of 15-week-old chickens.†
Treatment
CD3
CD4
CD8
CD4:CD8‡
(%)
(%)
(%)
LTA
4.71 ± 0.24§
1.45 ± 0.13
2.63 ± 0.10
0.54 ± 0.04
PBS
4.61 ± 0.32
1.42 ± 0.16
2.70 ± 0.13
0.51 ± 0.06
Time (h)
0
6
24
48
72

2.67 ± 0.45 c
6.28 ± 0.45 a
6.05 ± 0.45 ab
4.89 ± 0.45 b
3.40 ± 0.45 c

0.47 ± 0.24 c
2.42 ± 0.24 a
1.96 ± 0.24 ab
1.49 ± 0.24 b
0.83 ± 0.20 c

2.38 ± 0.19 c
3.00 ± 0.19 b
3.71 ± 0.19 a
2.23 ± 0.19 c
2.01 ± 0.19 c

0.19 ± 0.08 d
0.80 ± 0.08 a
0.53 ± 0.08 bc
0.67 ± 0.08 ab
0.43 ± 0.08 c

Effects (P-value)
Treatment
0.798
0.894
0.687
0.633
Time
<0.001
<0.001
<0.001
<0.001
Treatment x Time
0.470
0.334
0.531
0.529
†
Growing feathers (GF) of 12, 15-week-old chickens were injected with 10 µL of either PBS (control)
or LTA (10 µg/mL) per GF. The GF were collected before injection (0 hours), and at 6, 24, 48, and
72 hours post injection. Pulp cell suspensions were prepared from GF and immunofluorescently
stained using a panel of fluorescence-conjugated mouse monoclonal antibodies against chicken
CD3 (T cells), CD4 (helper T cells), and CD8 (cytotoxic T cells). Cell populations were analyzed by
flow cytometry and data expressed as % of total cells in the pulp cell suspensions.
‡
CD4:CD8 is the ratio of CD4+ cells to CD8+ cells.
§
Data shown are mean ± SEM. Means within a column without a common letter are different
based on P ≤ 0.050 based on multiple means comparisons.
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leukocytes and macrophages and an increase in MHCIIexpressing cells. The macrophage-dominated response to
LTA in chickens was unlike the neutrophil- and basophildominated response reported in mice and was also different from the heterophil-dominated response to LPS
in chickens. This demonstrates the specificity that exists
with the immune response to every unique immunogenic
substance. Furthermore, it demonstrates the complexity of
molecular signaling pathways involved in inflammation.
More research is needed to understand why LTA produces
a macrophage-dominated inflammatory response in chickens and how that response factors into the overall immune
response during a Gram-positive bacterial infection.
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Research at a Glance
•

Infographics are effective persuasion
communication tools for presenting scientific data
about genetically modified organisms (GMOs) to
millennial and Generation Z students.

•

Millennials and Generation Z students demonstrated
limited initial knowledge of GMOs.

•

Millennial and Generation Z students rate
organization, aesthetics, and cited sources as key
factors contributing to the credibility of infographics.
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Media
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Abstract
The purpose of this study was to determine how communicating authentic agricultural information using an infographic affects Millennial and Generation Z students’ perceptions of genetically
modified organisms (GMO) and to determine the perceptions of college students regarding the
infographic used to convey agricultural messages. This study used survey research methods with
open- and closed-ended questions administered through Qualtrics. The questionnaire was designed with five sections including a pre-questionnaire, content presentation, post-questionnaire,
infographic perception questionnaire, and demographics section. All questions in the pre- and
post-questionnaire were focused on the content found in the researcher developed infographic.
Overall, participants increased accuracy of their responses and reported more positive perceptions of GMOs after reviewing the infographic. The majority of participants also found the infographic appealing and preferred the infographic to a research paper or paragraphs to present
the same information. The recommendations based on this research are to utilize infographics to
present GMO messages to Millennials and Generations Z students at the University of Arkansas,
further test the accuracy of responses and perceptions of other agricultural topics presented using
infographics with this audience, and use well organized, aesthetically pleasing infographics that
have sources cited.

* Faith Mills is a May 2022 honors program graduate with a major in Agricultural Education, Communication and Technology.
† Cassandra K. Cox, the faculty mentor, is an Instructor Professor in the Department of Agricultural Education, Communication
and Technology.
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Introduction
Agriculture has rapidly grown and evolved in the last
century with changes in machinery, technology, and scientific ability. The separation of consumers and producers
has occurred, allowing for misinformation to create communication noise. Urbanized millennials and Generation
Z tend to have the largest disconnect with producers as
they have the lowest exposure to production agriculture
and are most likely to explore alternate sources for information (Hembree, 2012).
Issues like genetically modified organisms (GMOs),
organic farming, pesticides, food security, farmers, agribusiness, animal welfare, family owned, and food safety
are common topics surrounding the agriculture industry
among the general public (Rumble et al., 2014). Consumers often associate different feelings and meanings
to certain words or phrases than those associated by the
producer or scientist (Rumble et al., 2014). Much of the
communication about agriculture relies on dissemination
of information about controversial topics and products,
that to farmers and producers, do not seem to be an issue.
To effectively bridge the gap between consumers and
producers, it is necessary to understand different communication techniques. Communication often deals with persuasion as well as informing. An audience-appropriate message
is vital (Johnson and Hamernik, 2015). A clear message that
has sound support from credible sources is particularly important and can effectively educate an audience (Grantham,
2009). Infographics are commonly used to teach subjects
and give information in a way that is easier to digest (Siricharoen, 2014). These ideas lead to an informed conclusion that infographics may create good media platforms for
communicating technical agricultural subjects.
The Elaboration Likelihood Model (ELM) explains the
two methods of human persuasion using the central route
and the peripheral route. The central route is when an individual has a high level of motivation and involvement and
analyzes the message using logic. The peripheral route is
when individuals have lower levels of involvement and
are influenced by surface characteristics. The ELM can
be used to understand how information may be perceived
by the public and how to appeal to an audience (Geddes,
2016). When the ELM is correlated with infographics, it
is shown that infographics serve as a peripheral cue and
interactive infographics bring in more elaboration from
the receiving party. Utilizing graphics would bring about
an attitude change in the peripheral route (Burnett et al.,
2019). Infographics are growing in popularity and tend to
make content easier to share (Siricharoen, 2014).
The purpose of this research was to evaluate Millennial
and Generation Z students’ perceptions of GMOs. Information was presented in graphic content (infographic) to
college-age students to evaluate their ability to understand

the message. The focus was on the development of creative content that would effectively relay correct information and to assess students’ perceptions of GMOs.

Materials and Methods
A mixed methods sample survey design was used to
obtain qualitative and quantitative data to evaluate perceptions of respondents and determine the accuracy of their
responses before and after viewing a GMO infographic.
Two research questions guided this study: 1) How does
communicating authentic agricultural information using
an infographic affect Millennial and Generation Z students’ perceptions of GMOs and 2) What are the perceptions of college students regarding infographic use to convey an agricultural message?
Quantitative survey questions used a numerical scale
and did not benefit from elaborate answers. Qualitative
open-ended responses were used for questions where
elaboration was useful and beneficial. Qualitative questions included multiple choice, Likert-type, and selectall-that-apply questions. Section one asked participants
about their awareness of GMOs by answering a set of
six questions. Question 1 was an open response question.
Questions 2 through 5 were Likert-type questions with
responses including strongly disagree, disagree, neutral,
agree, and strongly agree, and question 6 was a select- allthat-apply. In section 2, respondents viewed the researcher-developed infographic for 1.5 minutes before progressing to section 3 which repeated the questions from section
1. Section 4 assessed infographic preferences. In section
4, participants answered 7 questions about the use of infographics to present technical information. The answers
to these questions were based on preference, opinion, and
perception, not the design of the researcher-generated infographic. Questions 1 through 5 were rated on a Likerttype scale, question 6 was a select-all-that-apply, and 7
was multiple choice. Section 5 collected demographic
data about respondents. The questionnaire was developed
based on GMO data collected from scientific sources and
presented in a researcher-generated infographic, which
was also based on scientific sources (Fig. 1). All infographic sources were cited and provided for the viewer.
The survey allowed the researcher to determine if the content influenced the participants’ awareness of the GMOs
and their preferences for alternative formats of media.
Internal validity evaluated the design and trustworthiness of the study (Andrade, 2018). As the data collection
involved three distinct stages, a survey followed by an
intervention followed by another survey, there were potential internal validity threats from historical events or
maturation. In order to avoid instrumentation issues, all
materials and the survey were constructed prior to the start
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Fig. 1. This infographic was presented to participants in Section 2 of the
questionnaire. The infographic was generated by the researcher, Faith Mills,
using InDesign. All information provided in the infographic was sourced from
provided sources at the bottom of the infographic. Participants were required
to view the infographic for 1.5 minutes before continuing to the next section
of the questionnaire.

of testing and remained the same for all participants. All
questions in the survey were clearly worded and clarified
through the use of cognitive interviews. The survey was
designed with a grading system so those who scored and
interpreted the results of the test did so consistently. Openended questions were evaluated based on a rubric to separate responses into thematic categories.
All questions related directly to the study and did not
stray from the direct topic at hand. This helped strengthen
construct validity. Construct validity was evaluated by comparison to other surveys intended to evaluate similar subjects. To mitigate situational factors, surveys were administered and content was viewed on the participant’s own time.
Selection bias was also a threat and was addressed by using
defined criteria of appropriate participants.
A non-probability purposeful sampling of students
aged 18 through 25 were chosen to participate. The population of students selected were not majoring in agriculture in the Dale Bumpers College of Agriculture, Food
and Life Sciences. This population was selected to alleviate the bias of students in agriculture towards the industry
as well as their probable prior knowledge of the content.
The sample was drawn from students enrolled in classes at
the University of Arkansas during the spring of 2022 who
responded to posted announcements about the study and
choose to participate. The sample was appropriate because
the survey was available to a large variety of college-aged
students. Non-probability sampling was chosen for this
survey since the logistics of gathering a complete list of
all students and their majors was not plausible.
Data for this research was collected through multiple
channels including online e-mail listservs, organization
group chats, and on-campus in-person methods. The questionnaire was presented in the form of a Qualtrics survey.
Participants could not return to previous sections once
they continued to a new section. Data were collected over
the period of three weeks online and once for four hours
in-person using QR codes for mobile device access or via
researcher provided iPads. The results and findings in the
study were taken from 118 undergraduate students at the
University of Arkansas who were non-agriculture majors,
and the findings apply to this specific population.

Results and Discussion
The first question/statement presented in both the preand post-questionnaires was “Describe what GMOs are.”
This question was open ended. The most common result
from the pre- and post-questionnaire was the use of at
least one word from “Genetically Modified Organism.”
The post-questionnaire had more in-depth responses and
less unanswered or unknown answers. Common themes,
phrases and words from the pre- and post-questionnaire
are presented in Table 1.

The second through fifth question/statements were
rated on Likert-type scales. Statement two, “GMOs are
safe for human consumption” had a most common prequestionnaire response of “neutral” at 31.4% of responses.
The greatest result of the post-questionnaire was “agree”
at 44.9% of responses. Overall, the post-questionnaire
results showed a greater percentage of agree or strongly
agree responses by participants that GMOs were safe for
human consumption.
The third question/statement presented was “GMOs are
safe for animal consumption.” The greatest result of the
pre-questionnaire was “disagree,” “neutral,” and “agree”
all at 28.8% of responses, and at 44.1% of responses, the
greatest response on the post-questionnaire was “agree.”
Overall, the post-questionnaire results showed a greater
percentage of agree or strongly agree responses that
GMOs are safe for animal consumption.
The fourth question/statement was “GMOs have negative environmental impacts.” The most popular response
on the pre-questionnaire was “agree” at 40.7% of responses, and the most common response by participants on the
post-questionnaire was “disagree” at 43.2% of responses.
Overall, the post-questionnaire results showed a greater
percentage of disagree or strongly disagree responses to
the question about GMOs having negative environmental
impacts.
The fifth question/statement presented was “GMOs
have positive environmental impacts.” “Neutral” was the
top result of the pre-questionnaire at 49.2% of responses.
The most common response on the post-questionnaire was
“agree” at 49.2% of responses. Overall, the post-questionnaire results showed a greater percentage of favorable
responses of agree or strongly agree by participants on
GMOs having positive environmental impacts.
The sixth question/statement presented was “What are
the benefits of GMOs?” This question was a mark-all-thatapply answering system. The four most popular choices
on the pre-questionnaire were “GMOs help prevent the
effects of environmental threats (diseases, etc.),” “GMOs
make plants more insect and pest resistant,” “GMOs
increase the amount of grains produced per acre,” and
“GMOs are used to modify nutritional value.” The same
four choices, which were correct based on the scientific
data, were selected by a greater percentage of participants
on the post-questionnaire (Table 2).
In section 4 there were 7 questions or statements. The
first statement was “After viewing the infographic, I know
more information about GMOs.” The answer with the greatest percentage was “agree” at 50.8% of responses. Statement two addressed personal preference about receiving
scientific information through infographics. “Agree” was
the greatest response at 43.2% of responses. The third statement was “I found the infographic content useful,” 52.5%
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Table 1. Key words used by participants in response to “Describe what GMOs are.”
PreQuestionnaire
%
45.8

PostQuestionnaire
%
62.7

Pre-Questionnaire
Examples

Post-Questionnaire
Example

"Genetically Modified
Organisms"

"Genetically Modified
Organisms"

Genetic(s)(ally)

71.2

69.5

GMOs are genetically
modified foods and animals…

...selectively genetically
bred for favorable
resistance
characteristics and
higher production.

Modify/Alter

83.9

87.3

Genetic materials being
altered.

Organism

64.4

83.1

Food

24.6

7.6

Organisms (typically plants)
that have their gene
artificially altered to…
Something you find in food to
make it last longer.

Organisms that have
their genes altered to
produce a desired
result.
Artificially manipulated
organisms.

Crop/plant

21.2

37.3

DNA/Genes

8.5

18.6

Resistant

6.8

13.6

Chemical

5.9

1.7

...these organisms may
contain harmful chemicals…

Nutrition

3.4

8.5

...substance that is put into
foods for maybe preservation
of food, or even for
nutrients…

Yields

3.4

No answer/not sure

7.6

Key Words
Genetically
Modified Organisms
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3.4

GMOs are any plant or
animal product that have
been genetically altered by
human
The study of using DNA and
genetic science of living
organisms to produce
clones…
…Same crop but modified to
be pesticide resistant…

...DNA in vegetables and
fruits that can improve
aspects like appearance,
higher crop yields…

Not Sure

...grow better food and
protect plants from
natural environmental
problems.
used to increase the
yield of crops
...organisms whose
DNA sequence has
been modified or
selected…
... make plant and
produce resistant to
environmental diseases
and infections…
Chemicals that make
plants resistant to
diseases…
They reduce insects on
crops, increase
produce nutritional
value, and increase
profits
...They are used to
increase crop yields
and used to develop
resistance to certain
environmental
elements such as pests,
bruising…
No Answer
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of respondents answered, “Strongly agree.” Statement four
related to preference for the infographic or a research paper.
The most common response was preference for infographic
content presentation (“strongly agree” at 63.2% of responses). The fifth statement was “I found the visual presentation
of information appealing for learning versus reading paragraphs of the same information.” The greatest number of
responses at 69.5% was “strongly agree.”
The sixth statement in this section allowed respondents
to choose all that apply for factors impacting respondent’s
perception of the credibility of an infographic. Respondents
indicated organization/structure of information (80.5%),
aesthetics (graphic quality at 74.6%, colors and fonts used
at 46.6% respectively), and citation of sources at 61.9%)
were the leading factors (Table 3). The final question found
99.2% of respondents rated the infographic as credible.

The majority of participants were white at 83.1%, 7.8%
of participants were Hispanic, 2.5% of participants were
black or African American, 1.7% of participants were
American Indian or Alaska Native, and 1.7% of participants were Asian. “Other” was reported by 1.7% of participants as they did not fall into the listed categories. The
majority of the participants were between the ages of 18
and 26 with 4 respondents over the age of 26. The majority of participants were female (72.9%), 26.3% of participants were male, and 0.8% of participants were non-binary. Thirty-three percent of participants were students in the
College of Education and Health Professionals. Students
in the Fulbright College of Arts and Sciences accounted
for 28.8% of participants, 23.7% of participants were students in the Sam M. Walton College of Business, 11.9% of
participants were students in the College of Engineering,

Table 2. Percentage of responses to pre- and post- questionnaire statement, “What are the
benefits of GMOs?”
Answer
Feeding GMO grains reduces methane
production in livestock.

Pre-Questionnaire %
30.5

Post-Questionnaire %
43.2

GMOs help prevent the effects of
environmental threats (diseases, etc.).

45.8

78

GMOs makes plants more insect and
pest resistant.

75.4

83.9

GMOs increases the amount of grains
produced per acre.

60.2

88.1

GMOs are used to modify nutritional
value.

66.9

85.6

GMO fields regrow yearly, so replanting
is not needed.

16.9

44.1

Table 3. Percentage of responses to the statement from section four, “In my opinion,
the following factors impacted my perception of the credibility of an infographic.”
Answer
Citation of sources
Colors used
Fonts used to present information
The quality of graphics
Organization/structure of information
Which company or organization produced the infographic

%
61.9%
46.6%
46.6%
74.6%
80.5%
39.8%
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4.2% of participants were non-agriculture majoring students in the Dale Bumpers College of Agriculture, Food
and Life Sciences, and 2.5% were in the Fay Jones School
of Architecture and Design.
Overall, participants had an increased positive opinion post-infographic viewing. The majority of participants had a better view and understanding of GMOs after viewing the infographic. Although, all answers to the
question “What are the benefits of GMOs” increased, not
just the correct answers. The preference was also in favor
of infographics. The majority of participants found the
infographic helpful, appealing, and credible. They also
preferred infographics and their structure to receive information over paragraphs and papers.

Conclusions
Findings supported respondents demonstrating improved response accuracy to GMO statements or questions when the infographic content areas, which were
clearly defined with headings and the scientific content
was presented under the heading. The researcher recommends using infographics to present GMO information to
undergraduate students at the University of Arkansas who
are not pursing agriculture majors. Infographics, for this
audience, should be well organized, aesthetically pleasing, and cite sources to be viewed as credible. Future studies should be conducted with millennials or Generation
Z, who are not pursuing college degrees, to determine if
communicating about GMOs using an infographic has the
same outcomes. To identify benefits of GMOs, respondents had to synthesize the infographic content to identify
accurate responses. Thus, the researcher recommends experimenting with changes to the infographic to determine
if creating prominent peripheral cues would improve respondents’ understanding of GMOs.
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Gracie E. Morrison

Research at a Glance

Gracie in the high-tunnel at the Milo J. Shult Research
and Extension Center, Fayetteville, planting tomatoes
in landscape fabric plots.

•

Tomatoes were treated with several weed
suppression methods: Landscape fabric,
preemergent herbicide, straw mulch, weekly
hand weeding and two-week hand weeding, and
untreated weedy controls. The material and labor
cost were recorded.

•

Economic analysis was performed to determine
which method had the highest partial profit returns
according to the costs versus the revenue

•

The preemergent herbicide had the highest partial
profit in all scenarios explored. The organic
methods cannot compete with the preemergent
unless sold at a premium. This is significant in
the ongoing debate surrounding organic versus
conventional systems, showing that conventional
systems are currently more economically viable.
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Preventative Weed Management
Strategies in Arkansas Tomato
Production
Gracie E. Morrison* and Matthew Bertucci†
Abstract
Cost-effective weed suppression is an important consideration for tomato growers. Growers often choose methods which minimize hand labor, as hand weeding can be prohibitively expensive. This project determined the economic viability of high tunnel tomatoes treated with several
methods of weed control, both organic and chemical. These methods included: 2-week hand
weeding, 1-week hand weeding, preemergent herbicide application (plots sprayed with herbicide
prior to weed emergence), straw mulch (plots bedded with straw), landscape fabric (plots covered in fabric), and untreated weedy control plots. These six treatments were applied to randomized blocks in a high tunnel. Weeding, planting, and harvesting were all timed to determine time
costs of weed management strategy implementation. After harvest, marketable and cull yield
were measured. Means separation analysis using Tukey’s test was used to compare data, indicating differences in the management strategies. The data showed that the preemergent herbicidetreated plots tended to be similar to the organic treatments in terms of yield, weed coverage, and
implementation time, but not preparation time. Landscape fabric was especially suppressive of
weeds. The 1-week and 2-week hand-weeded plots had similar values for yield, weed coverage,
and implementation time. As expected, 1-week and 2-week hand weeding took more weeding
time overall than the other treatments. These results are relevant to growers in that the results
can be used to adjust their weed management practices based on their available material, labor
resources, and yield expectations.

* Gracie E. Morrison is a May 2022 honors program graduate with a major in Environmental, Soil, and Water Science.
† Matthew Bertucci, the faculty mentor, is an Assistant Professor in the Department of Horticulture.
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Introduction
In the agricultural field, weeds can damage specialty
crop yields. Many previous studies have investigated the
harmful effects of weed interference on tomato production (Chaudhari et al., 2016; 2017; Ghosheh et al., 2010;
Jennings 2010). Developing strategies to minimize weed
interference is a crucial part of managing crop health and
ensuring an economically viable yield. In market garden
production, activities such as transplanting, harvesting,
and weeding must be conducted by hand. Many production practices are implemented to minimize the labor
hours required for weeding, including those examined in
this research such as the use of landscape fabric or straw
mulch, and application of preemergent herbicides.
Weed management strategies are chosen with the goal
of minimizing negative interference on production while
maximizing yield value and weed suppression (Smeda and Weston, 2017). Each method examined in this
study has unique characteristics that affect its yield and
cost. Hand weeding has improved plant growth, yield,
and yield quality in tomatoes while reducing weed density (Ijaz et al., 2017). In another study on tomatoes, hand
weeding was more successful in decreasing weed density than preemergent herbicides or mulching (Bakht and
Khan, 2014). However, hand weeding has a greater labor
cost than other management strategies (Deese, 2010). Organic mulches improve growth, yield, and quality of yield
(Sinkevičienė et al., 2009). Past studies found that mulch
requires a concentrated early season workload of labor,
because mulching an area takes time (Brown et al., 2019).
However, mulching also reduces labor later in the season
(Brown et al., 2019). The use of landscape fabric requires
relatively little labor to install but more labor to plant and
remove (Strader and Dawson, 2018). It is designed to exclude light to prevent weed growth under the fabric (Hammermeister, 2016). Preemergent herbicides are designed to
kill germinating seeds (Bakht and Khan, 2014). The application of S-metolachlor, the preemergent herbicide used in
this project, required less labor than hand weeding (Zewdie and Yohannes, 2019). Application of S-metolachlor
also improved tomato yield (Bakht and Khan, 2014).
There is debate regarding the economic viability of
conventional versus organic systems of food production
(Posner et al., 2008). Modern agriculture has greatly contributed to nonpoint source pollution in waterways, which
has led to some growers adopting organic systems (Mateo-Sagasta et al., 2017). Organic agriculture is largely
considered more sustainable than conventional systems in
terms of environmental degradation but less economically
viable because of the yield gap (De Ponti et al., 2012).
However, if growers use the USDA market standard for
Organic product, the product could be more attractive

to wholesalers and could be sold at a premium (USDAAMS, 2022a). The objective of this research was to make
comparisons between several weed control strategies for
high tunnel tomatoes: landscape fabric, preemergent herbicide, hand weeding, and straw mulch. Each method was
used alongside hand weeding to ensure effective weed
suppression. Plots with no passive weed management and
no active weeding served as controls.

Materials and Methods
Celebrity variety tomato was sown in 72-cell seed
planter trays until plants reached 2 to 3 true leaf stage.
Over the next three days, plants were taken outside for
several hours in the middle of each day to harden off plants
prior to transplanting. Tomato seedlings were transplanted
in late summer into a high-tunnel structure into 0.762-m
wide preformed beds at the Milo J. Shult Agricultural
Research and Extension Center in Fayetteville, Arkansas. Preemergent herbicide, landscape fabric, and straw
mulch were applied. The preemergent herbicide used was
S-metolachlor (Dual Magnum, Syngenta) applied at 1.68
kg active ingredient per hectare, using a CO2 powered
backpack sprayer calibrated to deliver 187.03 liters per
hectare. Landscape fabric and straw mulch (4.08 kg per
plot) were applied to beds immediately after bed formation. An experimental unit was a 3.66-m long plot with
plants spaced at 0.46 m resulting in 8 tomato plants/plot.
All treatments were replicated 4 times and plots were arranged in a randomized complete block design according
to known variation in the site. Alleys (0.91 m in length)
were spaced between plots in each bed.
Data were collected on cumulative time spent for dedicated hand-weeding of each plot to keep the site free of
weeds under each management practice. Data were also
collected on visual ratings of weed control, assessed as
a percentage of coverage every 2 weeks. Alleys between
plots were also hand weeded but this was not timed.
In mid-October through early November, four harvests
were conducted and timed. To harvest, two people stood
on either side of the plot and picked all visible ripe tomatoes. The tomatoes were sorted as marketable or cull based
on USDA market standards of size and appearance (USDA-AMS, 2022b). Tomatoes that were visibly smaller,
extremely discolored, rotting, or showing signs of worms
or deficiencies, were marked as cull. Ripe, healthy tomatoes were marked as marketable. Mature tomatoes were
counted and weighed in crates on a scale to determine the
marketable fruit number and weight in litres per plot.
At season’s end, cumulative hours spent for dedicated
hand-weeding were calculated for each plot to quantify
the labor costs required for keeping each site free of weeds
under each management practice.
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Following execution in the field, analysis of variance)
was conducted in SAS using the GLIMMIX procedure
to compare response variables, and means separation
was conducted according to Tukey’s honestly significant
difference at a 0.05 significance level. Weed management
strategy was treated as a fixed effect, and replication was
treated as a random effect.

Results and Discussion
Labor time (Table 1) required for the use of preemergent herbicide, straw much, and landscape fabric were
greater than other treatments in the preparation stage. The
use of the landscape fabric required the most labor time
for preparation followed by the use of straw and the use of
preemergent herbicide. Landscape fabric treated plots had
longer planting times, while the other plots had values similar to each other. This is because the fabric had to be cut and
the seedlings had to be placed into the holes in the fabric,
rather than straight into the ground. Fabric-treated plots
took significantly less time than the other plots for weeding, given that few weeds could survive under the fabric.
Hand-weeded plots required the most maintenance, while
the weedy control treatment required the least, although
weedy control plots did not differ from fabric-treated plots.
Weedy control plots and 1-week hand-weeded plots had
lower harvest total hours, which included values from all
harvests, compared to plots treated with preemergent herbicide, which had the greatest harvest labor time total. For
the green harvest, where remaining green tomatoes were
harvested prior to ripeness at the end of the trial, the 2-week
hand-weeded and preemergent herbicide treated plots took
longer as compared to the weedy plots, which took the
shortest number of hours, with other treatments intermediate. In total, the weedy control plots took a shorter time
to plant, maintain, weed, and harvest as compared to all
treatments with the exception of the landscape fabric treated plots. The hand-weeded plots took the longest time, but
those treatments did not differ from the labor time spent
for the preemergent and the straw treatments. In the individual harvests, the times were statistically indistinguishable for all treatments.
Cull yield, cull fruit size, and cull fruit count (Table 2)
were indistinguishable between treatments (P > 0.05).
Marketable yield and marketable fruit count for the weedy
control plot were smaller (P < 0.05) than all treatments
except the 1-week hand treatment, meaning the weedy
control treatment had less fruit, though size was similar to
other treatments.
At the beginning of the season, plots had not yet been
weeded and early emerging weeds were able to germinate.
Interestingly, weedy control plots initially had comparable
weed coverage to other treatments, except for landscape
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fabric plots with fewer weeds, and 2-week hand weeded
plots with more weeds (Table 3). As time progressed at
different weekly intervals, it quickly became apparent that
weedy control plots had excessive weed coverage, with
very little difference among the other weed treatments.
Weed coverage never exceeded 15% of the plot, even in
2-week hand-weeded plots. Common weeds were carpetweed, thistle, morning glory, oxalis, clover, carpetweed,
and various grasses (data not shown).
The results of the experiment are generally consistent with similar research on the observed effects of weed
management strategies. Hand weeded plots tended to be
the most different from weedy control plots. Preemergent
treated plot yielded fruit larger in size than weedy control
plots, as has been observed in past studies such as the Bakht
and Khan 2014 study that also indicated no significant difference between the average weed density in plots given
1-week hand weeded, 2-week hand weeded, or preemergent
herbicide treatments. However, the Bakht and Khan study
did note a lower minimum weed density in hand-weeded
plots than all other treatments; whereas in this study, fabric
consistently had the minimum weed density though was not
statistically different from the other treatments except for
2-week hand weeded plots and weedy control plots.
The 2-week hand weeded treatments fluctuated in weed
density more than the 1-week hand weeded plots, which
makes sense given that weeds had more time to grow before being weeded. However, the overall time taken to
weed was not statistically different between the two handweeded treatments, nor was the yield, fruit size, or fruit
count. This suggests that 1-week hand weeding does not
offer significant benefits over 2-week hand weeding, and
the additional time for weeds to grow does not negatively
impact the crop output or make the weeding take longer.
Past research such as the Brown et al. 2019 study has
shown that straw mulch takes an early season workload
and reduces labor later in the season, and though the amount
of time for planting, weeding and maintenance were not
significantly different from the other treatments, the time
spent tended to be on the lower end, with the only shorter
weeding time being the landscape fabric treated plots.
The analysis was limited in scope, as effects of weed
management strategies on yield, time spent, and weed coverage were observed over a single season and a single location. Given that growers might utilize weed management
strategies over a number of years, the research could be
expanded further through more trials. The results might
change over time; for example, once landscape fabric
is installed, it can be reused, cutting down on time and
making it potentially more appealing to growers than
other treatments in the long run. Weed density might differ across years or regions because of the weed seedbank,
and if the trial were repeated in a different area, different
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Table 1. Time spent for weed management strategy implementation.
Treatments
1-week Hand
2-week Hand
Preemergent
Straw
Fabric
Weedy

Green
Harvest
Prep.
Planting
Weeding Maintenance Harvest 1 Harvest 2 Harvest 3 Harvest 4
Harvest
Totals
Total
-----------------------------------------------------------------------------------------hours/ha----------------------------------------------------------------------------------------0.00
32.42 b 810.28 a
890.39 a
25.80
38.00
50.83
27.40
116.00 ab
258.89 b
1149.00 a
0.00
29.09 b 764.07 ab
835.96 a
31.14
45.22
51.08
32.27
149.00 a
309.20 ab 1145.00 a
1.73 c
31.61 b 502.44 ab
582.28 ab
31.41
63.16
80.24
35.51
151.00 a
362.16 a
944.00 ab
36.74 b
27.53 b 451.73 b
556.51 ab
26.04
52.71
57.67
24.66
118.00 ab
280.07 ab
836.00 ab
130.69 a
58.99 a
62.67 c
339.10 bc
36.13
57.06
63.90
25.03
135.00 ab
317.18 ab
656.00 bc
0.00
31.61 b
0.00
78.11 c
36.87
38.13
68.77
30.64
85.00 b
260.13 b
338.00 c

P-value
<0.0001
0.0089
0.0002
<0.0001
0.2938
0.1100
0.5040
0.5528
0.0117
0.0331
<0.0001
Notes: 1-week Hand refers to weekly hand-weeded treatments. 2-week Hand refers to bi-weekly (every 2 weeks) hand-weeded treatments. Prep refers to
preparation. Green refers to green harvest, wherein remaining unripe green tomatoes were harvested at the conclusion of the trial. Maintenance refers to
time spent on day-to-day maintenance.

Treatments
1-week Hand
2-week Hand
Preemergent
Straw
Fabric
Weedy

Table 2. Yield values.
Marketable
Cull Fruit
Marketable
Cull Yield
Fruit Count
Count
Yield
----------------fruit/ha--------------- ------------kg/ha--------------320,675 ab
21,080
65,168 ab
3,444
389,294 a
15,248
79,701 a
2,626
380,324 a
19,733
75,859 a
3,220
347,135 a
14,801
71,027 a
1,981
357,002 a
25,115
70,034 a
3,409
178,501 b
12,110
36,568 b
1,542

Marketable Cull Fruit
Fruit Size
Size
------------kg/fruit----------0.22 ab
0.22
0.24 ab
0.24
0.32 a
0.23
0.23 ab
0.21
0.21 ab
0.20
0.20 b
0.21

P-value
0.0059
0.4881
0.0096
0.4339
0.0371
0.0858
Notes: 1-week Hand refers to weekly hand-weeded treatments. 2-week Hand refers to bi-weekly (every 2
weeks) hand-weeded treatments.

weed species might present themselves, having different
effects on the yield, different density based on their prolificness, and different difficulty of removal, altering the
weeding time. A continuation of this project is underway
to examine the same high tunnel over several years, allowing insight into the effects of the weed seedbank and other
potentially important factors.

Conclusions
Overall, the preemergent herbicide-treated plots tended
to be similar to the organic treatments in terms of yield,
weed coverage, and implementation time, other than preparation time. Landscape fabric was especially suppressive of
weeds. The 1-week and 2-week hand weeding had similar
values for yield, weed coverage, and implementation time
and, as expected, had a greater labor cost. These results
showcase some of the factors influencing the profitability
of weed management strategies. The information presented
here can be used by growers to inform them of the potential
barriers and benefits to the weed management strategies explored in this project, so they can make informed decisions.
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•

Food insecurity is a growing issue globally, and
lack of sufficient nutrition during childhood leads
to a host of developmental problems, including
stunting and cognitive delays.

•

Although the poultry industry is a major
contributor to the economy in Belize, poultry
meat is not affordable in poorer regions of the
country, and many children must drop out of
school to provide for their families.

•

A small-scale poultry farm at Saint Matthew’s
School will provide a sustainable source of meat
and eggs for the students, which will incentivize
completion through high school. By providing
meat and eggs to take home to the students’
families, students will be less likely to drop out
to pursue work.
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Using Poultry to Enhance Food Security
in Stann Creek, Belize
Emily F. Spatz* and Lisa S. Wood†

Abstract
Food insecurity is a growing issue in developing and developed countries alike, and in countries
like Belize, the prevalence of hunger has soared in recent years. Not having access to diets with
sufficient calories and nutrients leads to a host of developmental issues, including stunting and
cognitive delays. The purpose of this work was to create an all-encompassing manual for smallscale poultry production in order to provide nourishment for the students and staff of a school in
Belize. After determining that the best way to meet the school’s needs was through dual-purpose
birds, background research was conducted to determine small-scale poultry facilities in developing countries. This involved designing the layout for the poultry houses (one for layers and one
for broilers) given the space available, as well as sourcing materials both locally and abroad.
The manual was written to include background information and step-by-step instructions for
constructing the houses and caring for the birds. The researchers anticipate that this farm will
positively impact the lives of the students and faculty of the school in that they will have access to
poultry meat and eggs, which will increase physical and cognitive performance, provide handson education, and incentivize students to finish their schooling rather than quitting to work to
provide for their families.

* Emily Spatz is an August 2022 honors program graduate with majors in Poultry Science and Spanish.

† Lisa Wood, the faculty mentor, is the Assistant Dean for Honors and International Programs and a Clinical Associate Professor
in the Department of Crop, Soil, and Environmental Sciences.

The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences

65

Introduction
Food insecurity is defined as the state of being “unable
to consistently access or afford adequate food,” and this is
a global problem (Merriam-Webster, 2020). According to
the Food and Agriculture Organization of the United Nations (FAO), the global number of undernourished people
in 2018 was 821.6 million (FAO, 2019). The world population is predicted to increase to 9 billion people by 2050,
which is approximately a 35% increase from the current
population (Foley, n.d.). As this global population continues to increase, demand for sustainable food sources will
proportionally increase as well.
In Belize, 15% of children under five are affected by
stunting, while 1.8% suffer from wasting (Global Nutrition
Report, 2020). Researchers have determined that when
children do not consume diets rich in the necessary nutrients, including protein, they have worse overall health,
poorer academic performance, fewer social skills, and
even suppressed immune system function (Thomas et al.,
2019).
Several groups have offered technical knowledge and
resources to create sustainable farms and sources of nutrition to support these communities and ensure that the citizens do not go hungry. Many works and former manuals
did not include sufficient information concerning biosecurity, so practices that would eliminate the potential spread
of infectious diseases had to be included. Students from
the University of Arkansas previously volunteered at Saint
Matthew’s Anglican School in Belize to create a school
garden to provide produce for the school’s canteen. Because of the success of this project, the school requested
a poultry farm to add a sustainable source of protein to its
menu. The school currently has about 300 students and
11 faculty members. It is challenging to keep students in
school due to the price of education and because families
often need their children to help them work in the orchards
as a source of income (pers. comm., St. Matthew’s). To
combat this, creating a smallholder poultry farm is an effective way to teach students valuable skills about raising
birds and animal husbandry so that eventually, the students will be able to create their own farm as a source of
income and nutrition for their families and themselves if
they choose to do so, while also providing meat and eggs
to meet their immediate nutritional needs.
Those associated with the poultry industry who have the
necessary technical knowledge of properly raising chickens have a unique opportunity to help those in developing
countries raise flocks and manage them in the most efficient ways possible to provide a source of nutrition. The
gaps that were observed in the other manuals provided a
starting point to improve and add information to further
assist St. Matthew’s as the school seeks to add sustainable
protein to their students’ diets.
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The purpose of this study was to expand upon the
manuals provided by other organizations and then apply
the best practices to implement a school farm for Saint
Matthew’s in Belize. This study sought to explore the
availability of resources in Belize and create a small-scale
poultry production facility to provide nourishment for the
students and staff.

Materials and Methods
The first step in this process was identifying a population in need. Dr. Lisa Wood of the University of Arkansas
pointed out that Saint Matthew’s of Pomona Valley in Stann
Creek, Belize was the ideal candidate, as they had requested
a small-scale poultry farm to provide a source of protein
for the school canteen. The school currently has about 300
students enrolled and 11 staff members. It was determined
that this population would benefit from the addition of an
onsite poultry farm because it would not only provide a
sustainable and affordable source of protein for those affiliated with the school but also because it would be a practical
way to introduce students to animal husbandry, which could
serve as a potential source of income for the students and
their families in the future.
To write a manual that encompassed all of the necessary
factors of poultry production, manuals such as the “Guide
to Starting Your Own Poultry Business in Dangriga, Belize
C.A.” (Dangriga Neighborhood Chicken Association, n.d.),
“Backyard Poultry and Vegetable Garden Manual” (University of Arkansas Business Students, 2019), and the “Poultry
Multiplication Initiative Brooder Unit Manual” (World
Poultry Foundation, 2015) were referenced, and important
features about poultry production in developing countries
were then compiled with technical knowledge and personal
experience into one comprehensive end product. Crucial
technical information was added from scholarly sources
and colleagues in the poultry industry to ensure that the
growers in Belize would be able to grow flocks to their full
potential and that the flocks’ health would continually be of
the utmost priority. This information was then used to create a step-by-step guideline to construct two fully functioning small-scale poultry production houses for dual-purpose
birds, as well as a step-by-step guideline to train students
and staff on proper animal husbandry practices and poultry basics. After all necessary prior research was conducted
and the manual was written, it was reviewed by three faculty members in the Dale Bumpers College of Agricultural,
Food, and Life Sciences at the University of Arkansas from
the Poultry Science and Agricultural Communications departments. Copies were then printed along with posters and
record sheets to take to Belize so that the school members
would have continued access to these invaluable resources.
The next step was to begin designing the layout of the
house. As the school had a fairly large plot of land available,
DISCOVERY • Vol. 23, Fall 2022

it was determined that two houses would best suit the needs
of the school. The possibility of dual-purpose birds was
explored, and it was determined that by sexing the chicks
and raising them in sex-separate houses, they would be
able to be raised as “broilers” and “layers,” which would
provide a diverse protein source for the school, as they
would produce both eggs and meat. It was determined that
it would be beneficial to create a hybrid housing system for
the hens by allowing access to outdoor runs, as this would
allow birds to forage, which will reduce the amount of feed
that must be purchased for the flock. As layers have longer
productive lives than broilers, the first flock of both “layers”
and “broilers” would be sexed, while subsequent flocks of
“broilers” would be raised straight-run or not sexed. This
eliminated the need to cull male chicks in a layer operation
while also minimizing costs and the amount of downtime
that the school would face between flocks. A materials
and cost sheet was included in the Backyard Poultry and
Vegetable Garden Manual, which was used to determine
where supplies could be purchased and to create a budget,
although the referenced materials list was for a much
smaller house. A step-by-step guide was also developed
to ensure that those involved with the care of the school

farm would know how to properly raise the flocks, with the
intention of it being presented to the faculty before chicks
were placed to ensure that they would have the opportunity
to ask any pertinent questions. The third phase of the
project, the implementation and application of all of the
plans that had been made, was postponed for two years due
to COVID-19 and the inability to travel internationally, but
was completed in June 2022. The largest components of the
third phase were building the facility, setting up the house,
and ensuring that it would be suitable and safe for live birds.
This involved sourcing the materials, constructing the roof,
adding chicken wire to the windows, and preparing the
litter for bird arrival. Before birds were placed, locals were
trained on the next steps of the process and guided through
what the next days would look like. Supplemental feeders
were placed, and waterers filled to ensure that they reached
the proper temperature before bird placement. The final
biosecurity measures were then set up on the farm. Once
the birds were placed, more training was performed, this
time more focused on animal husbandry, animal welfare,
and how to care for the birds on a day-to-day basis, as well
as the importance of observation to determine animal wellbeing. Through the guidance of the steps described above,

Fig. 1. Emily standing in the 200 sq. ft. hen house at Saint Matthew's Anglican School in Pomona,
Belize, as it nears completion.
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the research objectives were accomplished, resulting in the
creation of a manual to construct a fully-functional smallscale poultry production facility for the members of St.
Matthew’s of Pomona Valley in Stann Creek, Belize (see
Fig. 1).

Results and Discussion

1

Through extensive research, the manual (which can be
found at https://scholarworks.uark.edu/poscuht/12/) was
created to outline the steps required to build a small-scale
poultry production facility consisting of two houses, as
well as step-by-step instructions for placing chicks and
their daily care.
As previously discussed, undernutrition leads to a host
of chronic and acute health issues, including both physical
and cognitive developmental delays, especially during the
crucial years of childhood. As the nutritional and environmental needs of poultry have become better understood,
they are an increasingly efficient source of protein that can
be grown with less space and time than other livestock.

Due to these factors, among others, poultry meat is often
more affordable and accessible than other meats, which
makes poultry the ideal candidate to combat food insecurity within the school community. The manual was created
with the most up-to-date information available, including
information from recent small-scale poultry production
manuals, industry guidelines, and poultry scientists in academia. The manual discusses the importance of feed and
water quality in poultry production, as this is one of the
factors that surveyed farmers in Belize generally believed
was relatively unimportant—although it significantly contributes to the health, well-being, and productivity of the
flock (Carpenter, 2019). Likewise, referenced materials
lacked sufficient information on proper biosecurity practices, so this information was included to ensure that the
proper steps are taken to care for the health and safety of
the flock. The manual and the plans contained therein,
which include step-by-step guides for constructing the
poultry houses as well as daily care and management of
the birds, will be used in the near future to implement a
small-scale poultry farm for Saint Matthew’s of Pomona

Table 1. Topics covered in small-scale poultry production manual for Saint
Matthew’s of Pomona Valley.
Topics Covered
Page Number
Comparison of broilers and layers
3
Options for small-scale poultry housing
5
Determining needed materials to construct the poultry house
6
Poultry house management
7
Litter management
7
Ventilation options and management
8
Lighting programs, sources, and management
8
Managing temperature and humidity
10
Incubation and brooding
11
Characteristics of healthy chicks
12
Feed and importance of feed quality
13
Water and importance of water quality
14
Importance of biosecurity
18
Diseases, symptoms, and vaccination
19
Processing
20
Record keeping
21
Constructing the poultry house
22
Preparing the house for chick arrival
27
Daily bird management
28
Cleaning the house between flocks
29
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Valley. Furthermore, the manual includes valuable information and resources, such as record logs, biosecurity
posters, charts to determine chick health, phone numbers
to call, and websites to visit for additional questions. The
manual explores various housing types and production
sizes, from large-scale, closed-wall houses to small-scale,
open-sided, and hybrid houses, and highlights the benefits
of each system before concluding that a small-scale operation would be more cost-effective while still sufficient for
the needs of the school. Table 1 lists an overview of topics
covered and their location within the manual.

Conclusions
The manual and the farm created using it will provide a
sustainable source of nutrition for the students and faculty
members of the school, with a long-term goal of providing meat and eggs on a rotational basis for students to take
home to their families. This will not only provide nutrition
for the students but also for their family members, which
will significantly reduce the need for students to drop out
of school to pursue full-time work, allowing them to reap
the benefits of formal education. Above all, this project
will significantly enhance food security in the region of
Stann Creek, Belize.
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listed as a coauthor)
an abstract
a footnote identifying each author by classification and major for students; rank
and department for faculty and staff; and identify faculty sponsor or mentor.
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Meet the Student-Author(s) and Research at a Glance:
The Meet the Student-Author(s) section consists of a professional headshot (taken by Fred Miller) of
student author(s) as well as a short biography (240 words; 1400 characters with spaces) that tells readers about
student author(s): (high school attended, activities and awards while at the university, etc.). Please see past
issues for examples. This is the place to thank professors and advisors. For Research at a Glance, we will
need 3 brief bullet points (100 character maximum, not including spaces) that clearly and succinctly explain
the main takeaways of the research (i.e., overall what was done, significance and implications of findings) for
a broad-based, non-technical audience. Please avoid using jargon and technical terms. We will need a photo of
the student alongside these bullet points showing student-author(s) at work in the lab, field, traveling abroad,
presenting a poster, receiving an award, etc. These photos will be loaded as supplemental files when submitting through the Discovery Journal location on ScholarWorks@UARK.
Abstract
The Abstract summarizes the purpose, procedures, and main findings in 250 words or less.
Introduction
The Introduction states the purpose of the study, the hypothesis, and pertinent background information in
500 words or less.
Materials and Methods
The Materials and Methods section describes the experimental design, materials used, statistical analysis
(required), and any other details needed for another researcher to reproduce the study and to confirm the validity of findings and conclusions.
Results and Discussion
The Results and Discussion section presents appropriate data, but not all data, in text, tables, and figures
and places the findings in context with other research in the field. The discussion emphasizes new and important
aspects of the research and conclusions that follow from them. Include the implications and impact of the findings. Relate your findings to observations of other studies. State new hypotheses when warranted, but avoid
unqualified statements not supported by your data.
Conclusions
The Conclusions section presents a brief (one paragraph) summation of the research project presented
in the paper and the significance of the findings and practical applications. No references are necessary and
please do not introduce new material not discussed previously in the paper.
Acknowledgments
The Acknowledgment section recognizes financial support (undergraduate research grants, etc.) and other
assistance. Note support by any companies or parties with a vested interest in the research results. Please thank
your advisor, other professors, co-authors, and other individuals who helped with your research in the Meet the
Student-Author section NOT in Acknowledgments.
Literature Cited
The Literature Cited section lists the complete references corresponding to those cited in the text. Within
the text, references are indicated by (Last Name, Year); e.g., (Jones, 2000) (Smith and Jones, 2000) (Brown et
al., 2000; Finn, 1998). List the complete citation alphabetically (by the first author’s last name). Multiple citations of the same author are listed chronologically or by order of reference in the text if dated the same year.
It is required that references be written as follows: Author(s). Year. Title. Journal title. (month and date if
appropriate); volume:pages. As below, no italics, (unless Latin phrase or word, which requires italics):
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Jones, G.R., W.F. Smith, and T.Q. Brown. 1999. Seasonal nitrate content of tall fescue. Agron. J. 55(3):49-53.
Please note: for the first author, the initials come after the surname. For subsequent authors, the initials
come before the surname.
Book references are written as follows:
Authors or editors. Year. Title. Publisher, Place of publication. As below, no italics, (unless Latin phrase or word,
which requires italics):
Ryugo, K. 1998. Fruit Culture: Its Science and Art.
John Wiley and Sons, London.
Internet URL citations are written as follows:
Limon, T.A., R.S. Benz. 2000. Grains of the world. Science on the Web. Prentice Hall. Accessed 17 April
2000. Available at: http:www.sciweb.com
NOTE: Please be very meticulous about the proper use of citations. All Discovery papers will be run through
a check for plagiarism.
Manuscript Submission
Submit your Word manuscript (with page numbers and continuous line numbering) as an 8.5 × 11-in. document, with double-spaced, 12-pt. text, in a single column, to the Discovery journal on ScholarWorks@UARK
by choosing the Submit Article option on the left side of the screen at:
https://scholarworks.uark.edu/discoverymag/
DO NOT submit through the thesis part of ScholarWorks@UARK. You must submit from within
the Discovery site.
You will be prompted through instructions on what to upload. Please direct any questions to the Managing
Editor, Gail Halleck, ghalleck@uark.edu, Division of Agriculture Communications.
If you do not have a professional quality (300 DPI resolution) headshot available, please email the managing editor to arrange an appointment to have your photo taken.
Unless otherwise indicated, the editor will correspond with the first author for revisions, approval of proofs,
etc.
NOTE: The first author (student) must include a current and a forwarding e-mail address (or phone number)
for contact outside the school year. Please complete the Student Contact Information that you will be
prompted for when you submit through ScholarWorks@UARK. It will be loaded as a supplemental file.
https://aaes.uark.edu/files/2019/09/Student-Summer-Contact-Form.pdf
Supplemental Information Checklist
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•

An abstract (you will copy and paste into a separate window but abstract must remain in your
Word document as well).

•

Cover letter stating your intent to submit (title of paper) to the Discovery journal with signatures of
ALL co-authors included.

•

Summer contact form (see above for website link).

•

Biographies for each student author (see past issues for example of what to include) and Research At
a Glance bullet points.
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•

Photos (at least 300 DPI, if possible) of you performing your research in the field or lab; participating
in internships; studying abroad; presenting at conferences, etc. for inclusion in our Meet the Student
Author portion of each paper.
Review Procedures

Papers will be reviewed by a reviewer, and decisions registered as follows:
• Publish with minor revision
• Publish with acceptable major revision
• Reject
Written comments of reviewers will be provided to the author usually via track changes through Word.
Student authors are expected to make revisions as part of the publication process. Students will be required to
submit a separate file stating how each comment was addressed in the revision. If the student author disagrees
with a suggestion, the rationale for not making a suggested change should be provided.
View an example of a response to reviewer document at:
http://agcomm.uark.edu/agnews/pdf/example_of_response_to_reviewer_comments.pdf
When a paper is accepted “with revisions,” a revised manuscript will need to be submitted through ScholarWorks@UARK and the managing editor will approve a final draft for publication.
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A special thank you to the faculty mentors, editorial board members, and
graduate students that participated in this publication. Through teaching
appointments in the Bumpers College of Agricultural, Food and Life
Sciences, research appointments in the Arkansas Agricultural Experiment
Station, extension appointments through the Cooperative Extension Service,
and in collaboration with other University of Arkansas Fayetteville faculty,
these individuals make Discovery a reality every year.

About the Dale Bumpers College of Agricultural, Food and Life Sciences
Bumpers College provides life-changing opportunities to position and prepare graduates who will be leaders in the
businesses associated with foods, family, the environment, agriculture, sustainability and human quality of life; and
who will be first-choice candidates of employers looking for leaders, innovators, policy-makers and entrepreneurs.
The college is named for Dale Bumpers, former Arkansas governor and longtime U.S. senator who made the state
prominent in national and international agriculture.
About the University of Arkansas System Division of Agriculture
The University of Arkansas System Division of Agriculture’s mission is to strengthen agriculture, communities,
and families by connecting trusted research to the adoption of best practices. Through the Agricultural Experiment
Station and the Cooperative Extension Service, the Division of Agriculture conducts research and extension work
within the nation’s historic land grant education system. The Division of Agriculture is one of 20 entities within the
University of Arkansas System. It has offices in all 75 counties in Arkansas and faculty on five system campuses.
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